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PREFACE. 



The following compilation originated in the belief that our 
schools are in want of a Treatise on Surveying, adapted to the 
methods practised in this coimtry, and freed from the defects of 
the systems now in use. Notwithstanding the importance of the 
science, and the large number that make it an object of study, it 
is believed we are not in possession of a treatise on this subject, 
suited to the wants of the student The works of Gibson and 
Jess are the only ones at present in general use ; the former, 
though much the better of the two, is deficient in many respectai 
It may be sufficient here, merely to advert to its want of exam- 
ples, which renders it entirely unsuitable for a school bock. From 
the latter, the student would in vain expect to become acquaint- 
ed with the principles of the science, or the rationale of any of 
the rules, necessary in performing the various calculations.* 

In order to understand the principles of surveying, a previous 
knowledge of Geometry is absolutely necessary ; and this know- 
ledge will be best acquired from a regular treatise on the subject. 
In the demonstrations, therefore, throughout this work, the stu- 
dent is supposed to be acquainted with the elements of that 
science. The references are adapted to Playfair's Geometry, 
but they will in general apply equally well to Simson's transla- 
tion of Euclid's Elements. 

As there are many who wish to obtain a practical knowledge 
of Surveying, whose leisure may be top limited to admit of their 

* Each of thflM woiki has latdj gone thnmgh a d^ edition, in which conn- 
denMe additions are stated to hare been made. On examination, howerer, it 
does not appear, that those additions are such as to supply the deficiencies. 

The additions made to Gibson, consist principally of some nautical problems 
^te foreign to a treatise on Surveying. Those made to Jess, consist of a fow 
extracts firom Gibson, in one of which the Pennsylvania method of calculation is 
introduced, as being quite di£brent from that given by Jess; whereas it is well 
known to be the method given by that author, and used, as well in the preceding^ 
as in the subsequent part of his wo^ 
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EXPLANATION 

OF TUB 

CHARACTERS USED IN THIS WORK. 

-f- signifies /i/us, or addition, 
— mxnus^ or subtraction. 

X multiplication, 

-r- division. 

: :: : proportion. 

s= equality. 

yl square root. 

QO diiSerence between two quantities 

' when it is not known which is tJie 
greater. 
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TREATISE ON SURVEYING. 
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OF LOGARITHMS 

Logarithms are a series of numbers so contrived, that 
by them the work of multiplication is performed by ad- 
dition, and that of division by subtraction. 

If a series of numbers in arithmetical progression be 
placed as indices, or exponants, to a series of numbers 
in geometrical progression, the sum or difierence of any 
two of the former, will answer to the product or quotient 
of the two corresponding terms of the latterl llius, 

0. 1. 2. 3. 4. 5. 6. 7. &c. arith. series, or indices. 
1. 2. 4. 8. 16. 32. 64. 128. &c. geom. series. 

Now 2+3=5. also 7—3-4. 

And 4x8=32. and 128h-8=16. 

Therefore the arithmetical series, or indices, have the 
same properties as logarithms; and these properties 
hold true, whatever may be the ratio of the geometrical 
series. 

There may, therefore, be as many different erystems 
of logarithms, as there can be taken different geometri- 
cal series, having unity for the first term. But the most 

B 9 



10 OF LOGARITHMS. 

* 

convenient system is that in which the ratio of the geome- 
trical series is 10; and this is the dne in common use. 
Thus, 

0. ] • 2. 3. 4. 5. &c. indices or logar. 

1. 10. 100. 1000. 10000. 100000. &c. natural numbers 

In tiiis system the log. of 1. is 0,* the log. of 10 is 1. 
the log. of 100, is 2, &c. Hence it is plain that the log. 
of any number between 1 and 10, will be expressed by a 
decimal, the log. of any number between 10, and 100, by 1 
and a decimal, the log. of any number between 100 and 
1000, by 2 and a decimal, &c. 

The numbers, 0, 1, 2, 3, &c. that stand before the deci- 
mal part of logarithms, are called indices and are always 
less by unity, than the number of figures in the integral 
part of the corresponding natural number. 

The index of the logarithm of a number, consisting in 
whole, or in part of integers, is affirmative ; but if the 
number be a decimal, the index is negative, and is mark 
ed by a negative sign ( — ) placed either before or above 
it. If the first significant figure of the decimal be ad- 
jacent to the decimal point, the index is, — 1, or 1 ; if 
there be one cipher between them, the index -is — 2, or 
2 ; if there be two ciphers between them, the index is — 3 
or 3, &c. 

The decimal parts of the logarithms of numbers, con- 
sisting of the same figures and in the same order, are the 
same, whether the number be integral, fractional, or 
mixed. This is illustrated as follows : 

* In •ver7 syvtem the logarithm of 1 10 0. 
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Number 18960 


Logarithm 


4.27784 


1896 




3.27784 


189.6 




2.27784 


18.96 




1.27784 


1.896 




0.27784 


.1896 




-1.27784 


.01896 




-2.27781 


.001896 




-3.27784 


.0001896 




-4.27784 
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The method of finding logarithms in the tables, and 
of multiplying, dividing, &c. by them, is contained in the 
following problems. 

PROBLEM I. • 

To find the Logarithm of a given number. 

If the given number consists of one or two figures only, 
find it in the column marked No. in the first page of the 
table, and against it, in the next colmnn, marked log. is 
tlie logarithm. Thus the log. of 7 will be found 0.84510, 
and the log. of 85 will be found 1.92942. 

But if the given number be either wholly or in part 
decimal, the index must be changed accordingly. Ob- 
serving that the index must always be one less than the 
number of figures in the integral part of the given num- 
ber ; also, when the given number is wholly a decimal, 
the index is negative, and must be one more than the 
number of the ciphers between the decimal point and 
first significant figure on the left hand. Thus the log. 
of .7 is —1.84510, and the log. of .0085 is— 3.92942. 

If the given number consists of three figures, find it in 
one of the other pages of the table, in the column marked 
No. and against it, in the next column, is the decimal 
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part of the logarithm* The index must be placed before 
it agreeaUy to the above observation. Thus the log. 
of 421 is 2.62428, the log. of 4.21 is 0.62428, and the 
log. of .0421 is —2.62428. 

If the given number consists oi four figures, find the 
three left hand figures in the column marked No. as be- 
fore, and the remaining, or right hand figure at the top 
of the table ; in the cotunm under this figure, and against 
the other three, is the decimal part of the logarithm. 
Thus the log, of 5163 is 3.71290, and the log. of .6387 
is— 1.80530. 

If the given number consist of Jive or six figures, find 
the logarithm of the four left hand figures as before j 
then take the difference between tliis logarithm and the 
next greater in the table. Multiply this difference by 
the remaining figure or figures of the given number, and 
cut off one, or two figures to the right hand of the pro- 
duct, according as the multiplier consists of one, or two 
figures ; then add the remaining figure or figures of the 
product to the logarithm first taken out of the table, and 
the sum will be the logarithm required. Thus, let it be 
required to find the logarithm of 59686 ; then, 



Logarithni of 5968 is 
The next greater log. is - 


- 77583 

- 77590 


Diflference - - - 
Remaining figure - 


7 
6 


Product - - - - 
To - - - . 

Add ... - 


4^3 

- 77583 

4 



Dechnalpartofthelog. - - 77587 
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The natural number consisting qf five integers, the in- 
dex must be 4 ; therefore the log. of 59686 is 4.77587, 

Again, let it be required to find the log. of .0131755 ; 
then. 



Logarithm of 1317 is 
The next greater log. is - 



- 11959 
. 11991 



Difference 
Remaining figures - 


s 


32 
55 


« 

Product 

To - - - 
Add - - - 


- 17,60 

- 11959 

18* 



Decimal part of the log. - - 11977 

As the given number is a decimal, and has one cipher 
between the decimal point and first significant figure, the 
index must be — 2; therefore the log. of .0131755 is 
— 2.11977. 



Examples* 



1. Required the log. of 

2. Required the log. of 

3. Required the log. of 

4. Required the log. of 

5. Required the log. of 

6. Required the log. of 6543900 

7. Required the log. of .0027863 



4.3 

7986 

.3754 

596.87 

785925 



Ans. 
Ana. 
Ans. 
Ans. 
Ans. 
Ans. 
Arts. 



0.63347 
3.90233 

-1.57449 
2.77588 
5.89538 
6.81583 

-3.44503 



* Became 17.G ie nearer 18 tfatii 17. 
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PROBLEM IL 

To find the natural number corresponding to a given 

logarithm. 

\lfoar figures only be required in the answer, look in 
the table for the decimal part of the given logarithm, 
and if it cannot be found exactly, take the one nearest 
to it, whether greater or less ; then the three figures in 
the first column, marked No. which are in a hne with 
the logarithm found, together with the figure at the top 
of the table directly above it, will form the number re- 
quired. Observing, that when the index of the given 
logarithm is affirmative, the integers in the number 
found, must be one more than the number expressed by 
the index ; but when the index of the given logarithm is 
negative, the number found will be wholly a decimal, and 
must have one cypher less, placed between the decimal 
point and first significant figure on the left hand, than 
the number expressed by the index. Thus the natural 
number corresponding to the logarithm 2.90233 is 798.6, 
ihe natural number corresponding to the logarithm 
3.77055 is 5896, and the natural number corresponding 
to the logarithm —3.36361 is .00231. 

If the exact logarithm be found in the table, and the 
figures in the number corresponding do not exceed the 
index by one, annex ciphers to the right hand till they 
do. Thus the natural number corresponding to the lo- 
garithm 6.64068 is 4372000. 

If five or six figiu-es be required in the answer, find, 
in the table, the logarithm next less than the given one, 
and take out the four figures answering to it as before. 
Subtract this logarithm from the next greater in the 
table, and also fi-om the given logarithm ; to the latter 
difference, annex one or two ciphers, according as five 
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or six figures are required, and divide the number thus 
produced, by the former difference; annex the quotient 
to the right hand of the four figures already found, and 
it will give the natural number required. 

Thus let it be required to find the natural number 
corresponding to the logarithm 2.53899 tnie to Jive 
figures ; then, 

Given logarithm - .53899 

Next less - - - .53895 the natural number 

corresponding is 3459 

Diff. with one cipher annexed 40 

Next less log. - - .53895 
Next greater - - .53908 



Difference 13 

Divide 40 by 13 and the quotient will be 3, which, an- 
nexed to the right hand of 3459, the four figures already 
found, makes 34593 ; therefore as the index is 2, the re- 
quired natural number is 345.93. 

Again let it be required to find the natural number 
corresponding to the logarithm 4.59859, true to six 
figures ; then, 

Given logarithm - - .59859 

Next less - - - - ,59857, the natural number an- 

swering to it is 3968. 

Diff. with two ciphers annexed 200 

Next less log. - - - 59857 
Next greater - - - 59868 



Difference - - - - H 



Divide 20b by 11, and the quotient will be 18, which 
annexed to the right hand of 3968, the four figures al- 
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ready found, makes 396818 ; therefore as the index is 4, 
the required natural number is 39681.8. 

EXAMPLES. 

1. Required the natural number answering to the lo- 
garithm 1.88030. Ans. 75.91. 

2. Required the natural number answering to the lo- 
garithm 5.37081. Ans. 234861. 

3. Required the natural number answering to the lo- 
garithm 3.11977. An5. 1317.56. 

4. Required the natural number answering to the lo- 
garithm— 2.97435. Ans. .094265. 

PROBLEM m. 

To multiply numbers by means of logarithms. 

' Case 1.— When all the factors are whole or mixed 
numbers. 

RULE. 

Add together the logarithms of the factors, and the 
sum will be the logarithm of the product 

EXAMPLES. 

1. Required the product of 84 by 56. 

Logarithm of 84 is 1.92428 

Do. of 56 is 1.74819 



Product 4704 Sum 3.67247 

2. Required the continued product of 17.3, 1.907 and 
34. 

Logarithm of 17.3 is 1.23805 
Do. 1.907 is 0.28035 

Do. 34. is 1.53148 



Product 1121.71 Sum 3.04988 
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3. Find by logarithms the product of 76^ by &5 
Am. 420.75. 

4. Find by logarithms the continued product of 
42.35, 1.7364, and 1.76. Ans. 129.424. 

Casb 2. — ^When some or all of the factors are decimal 
numbers. 

BULB. 

Add the decimal parts of the logarithms as before, and 
if there be any to carry from the decimal part, add it to 
the afiirmative index or indices, or else subtract it from 
the negative. 

Then add the indices together, when they are all of 
the same kind ; that is, all affirmative or all negative ; but 
when they are of different kinds, take the difference be- 
tween the sums of the affirmative and negative ones, and 
prefix the sign of the greater. 

Airfe.— When the index is affirmative, it is not neces- 
sary to place any sign before it ; but when it is negative, 
the sign must not be omitted. 

AXAMPLBS. 

1. Required the continued product of 349.17, 25.43« 
93521 and .00576. 

Logarithm of 349.17 is 2.54303 

Do. 25.43 is 1.40535 

Do. .93521 is 1-1.97090 

Do. .00576 is -3.76042 



Product 47.83 Sum 1.67970 

3% C 
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In this example there is 2 to cany from the decimal 
part of the logarithms, which added to 3, the sum ©f 
the affirmative indices, makes 5 ; from this taking 4, 
the sum of the negative indices, the remainder is 1, 
which is the index of the sum of the logarithms, and is 
affirmative, because the sum of the affirmative indices, 
together with the number carried, exceeds the sura of 
the negative indices 

2. Required the continued product of .0839, .7536, 
and .003179. 

Logarithm of .0839 is -2.92376 
Do. .7536 is -1.87714 

Do"! .003179 is -3.50229 



Product .000201 Sum -4.30319 

In this example there is 2 to cany from the decimal 
pan of the logarithms, which subtracted from 6, the sum 
of the negative indices, leaves 4, which is the index of 
the sum of the logarithms, and is negative, because the 
sum of the negative indices is the greater. 

3. Required the continued product of 13.19, .3765, 
and .00415. Ans. .02061. 

4. Required the continued product of 343, 1.794, 
5.41, and .019. Ans. 63.25. 

PROBLEM IV. 

To divide numbers by means of Logarithms. 

Case 1. — ^When the dividend and difisor are both 
whole or mixed numbers. 
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RULE. 

From the logaiitlun of the dividend, subtract the lo- 
garithm of the divisor, the remainder will be the loga- 
rithm of the quotient. 

Note. — ^When the divisor exceeds the dividend, the 
question must be wrought by the rule given in the next 
case. 

BXABIPLES. 

1. Required the quotient of 3450 divided by 23. 

Logarithm of 3450 is 3.53782 
Do. 23 is 1.36173 



Quotient 150 Remainder 2.17609 

2. Required the quotient of 420.75 divided by 76.5. 

Ans. 5.5* 

3. Required the quotient of 37.1542 divided by 
1.73958. Arts. 21.3585. 

Casb 2. — When the dividend or divisor, or both of 
them, are decimal numbers. 

RULE. 

Subtract the decimal parts of the logarithms as before, 
and if 1 be borrowed in the left hand place of the deci- 
mal part, add it to the index of the divisor when that in- 
dex is affirmative, but subtract it when negative. 

Then conceive the sim of tlie index of the divisor 
changed from affirmative to negative, or from negative 
to affirmative j and if, when changed, it be of the same 
name witli that of the dividend, add the indices together 
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but if it be of a different name, take the difference of the 
indices, and prefix the sign of the greater. 

fiXAMPLBS. 

1. Required the quotient of .7591 divided by 32.147 

Logarithm of .7591 is -1.88030 
Do. 32.147 is 1.50714 



Quotient .02361 Remain. -2.37316 

In this example, the index of the tlivisor, with its sign 
changed, is — 1, which added to — 1, the index of the 
dividoid, makes — 2^ for the index of the quotient. 

2. Required the quotient of .63153 divided by .00917. 

Logarithm of .63153 is -1.80039 
Do. .00917 is -3.96237 



Quotient 68.8683 Remain. 1.83802. 

In this example there is 1 to cany from the decimal 
part of the logarithm, which subtracted from — 3, the 
index of the divisor, leaves -^2; this, with its sign 
dianged, is 4-2 ; from which subtracting 1, the index of 
the dividend, the remainder is 1, and is affirmative, be- 
cause the affirmative index is the greater. 

9. Required the quotient of 1 3.921 divided by 7965.1 3 

Logarithm of 13.921 is 1.14367 
Do. 7965.13 is 3.90125 



.001748 Remain. -3J24242 
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In this example tliere is 1 to cany from the decima] 
part of the logarithm, which added to 3, the index of 
the divisor, makes 4 ; this, with its sign changed, is, — 4 ; 
from which subtracting 1, the index of the dividend, the 
remainder is 



4. Required the quotient of 79^5 divided by .05178. 

Ans. 1532.46. 

5. Required the quotient of .5903 divided by .931. 

Ans. .63404. 

PROBLEM V 

To invi^ve a number to any powers that is, to find the square, 
cube, ^c. of a number, logarithmically. 

RULB. 

Multiply the logarithm of the given number by the 
index of the power, viz. by 2 for the square, by 3 for the 
cube, dsc and the product will be the logarithm of the 
power. ' 

Note. — ^When the index of the logarithm is negative, 
if there be any to carry from the decimal part, instead 
of adding it to the product of the index and multipUer, 
subtract it, and the remainder will be the index of the 
logarithm of the power, and will always be negative. 

BXAMPLBS* 

1. Required the square of 317. 

Logarithm of 317 is 2.50106 

2 



Square 100489 5.00212 
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8. Required the 5th power of 1.735. 

Logarithm of 1.735 ia 0.23930 



5th power 15.7218 ^ 1.19650 
3. Required the cube of .08761. 

Logarithm of .08761 is -2.94255 



Cube .0006724 -4.82765 

4. Required the cube of 7.503. Ans. 422.37. 

5. Required the 7th power of .32513. Ans. .0003841 

PROBLEM VI. 

To extract any root of a rvuiwJber logarithmicaily. 

BULB. 

Divide the logarithm of the given number by the index 
of the root, that is, by 2 for the square root, by 3 for the 
cube root, 6ic. and the quotient will be the logarithm of 
the required root. 

Note. — ^When the index of the logarithm is negative, 
and does not exactly contain the divisor, increase the 
index by a number just sufficient to make it exactly divi- 
sible by it, and carry the units borrowed, as so many 
tens, to the left hand figure of the decimal part ; then 
proceed with the division in the usual manner. 



BXAMPUM. 



1. Required the cube root of 391J27. 

3) 
Logarithm of 391 J27 is 2^9248 



Cube root 7^14 0.86416 

2. Required the square root of .08593. 

2) 
Logarithm of .08593 is —2.93414 



Square root .29314 —1 46707 

3. Required the cube root of .7596. 

3) 
Logarithm of .7596 is — 1.88058 



Cube root .9124 • —1.96019 

4. Required the cube root of .00006}3. 

3) 
Logarithm of .0000613 18—5.78746 



Cube root .03943 —2.59582 

5. Required the square root of 365. Ans. 19.105. 

6. Required the 5th root of .9563. Ans. .9911. 

7. Required the 4th root of .00079. Ans. .16765 

Of the Arithmetical Complements of Logarithms. 

When it is required to subtract several logarithms 
from others, it will be more convenient to convert the 
subtraction into an addition, by writing down, instead 
of the logarithms to be subtracted, what each of them 
wants of 10.00000, which may readily be done, by wril- 
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ing down what the first figure, on the right hand, wants 
of 10, and what every other figure wants of 9 ; this re- 
mainder is called the ArithmeHcal Complement . Thus, if 
the logarithm be 2.53061, its arithmetical complement 
will be 7.46939. If one or more figures to the right 
hand be ciphers, write ciphers in their place, and take 
the first significant figure firom 10, and the remaining 
figures from 9. Thus, if the logarithm be 4.61300, its 
arithmetical complement will be 5.38700. 

In any operation, where the arithmetical complements 
of logarithms are added to other logarithms, there must 
be as many tens subtracted from the sum, as there are 
arithmetical complements used. 

As an example, let it be required to divide the product 
of 76.4 and 35.84, by the product of 473.9 and 4.76. 

473.9 - - Ar. Co. 7.32431 

4.76 . - Ar. Co. 9.32239 

35.84 - - Jog. 1.55437 

76.4 - - log. 1.88309 



Quotient 1.214 0.08416 



GEOMETRY. 



DEFINITIONS. 



1. Gboubtrt is that science wherein the properties 
oi magnitude are considered. 

2. A paint is that which has position, but not magni- 
tude. • 

3. A line has length but not breadth. 

4. A straight^ or right line^ is the shortest line that 
can be drawn between any two points. 

5. A superficies or surface is that which has length and 
breadth, but not thickness. 

6. A piane superficies is that in which any two points 
being taken, the straight line which joins them lies wholly 
in that superficies. 

7. A plane rectilineal angle is the inclination of two 
straight lines to one another, which meet together, but 
are not in the same straight line, as A, Fig. 1. 

Note. — ^When several angles are formed about the 
same point, as at B, Fig. 2, each particular angle is ex- 
pressed by three letters, whereof the middle letter shows 
tlie angular point, and the other two the lines that form 
the angle ; thus, CBD or DEC signifies {he angle formed 
by the lines CB and DB. 

D 95 
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8. Tlie magniitide of an angle depends on the inclina- 
tion which the lines that form it have to each other, and 
not on the length of those lines. Thus the angle DBE is 
greater than the angle ABC, Fig. 3. 

9. When a straight line stands on another straight 
Une so as to incline to neither side, but makes the angles 
on each side equal, then each of those angles is caUed 
a right angk^ and the line which stands on the other is 
said to be perpendicular to.it. Thus ADC and BDC are 
right angles, and the line CD is perpendicular to AB, 
Fig. 4. 

10. An acute angle is that which is less than a right 
angle, as BDE, Fig. 4. 

11. An <^ause angle is that which is greater than a 
right angle, as ADE, Fig. 4. 

12. Parallel straight lines are those which are in the 
same plane, and which, being produced ever so far both 
ways, do not meet, as AB, CD, Fig. 5. 

13. A^gure is a space bounded by one or more lines. 

14. A plane triangle is a figure bounded by three 
straight lines, as ABC, Fig. 6. 

15. An equilateral triangle has its three sides equal to 
each other, as A, Fig. 7. 

16. An isosceles triangle has only two of its sides equal, 
as B, Fig. 8. 

17. A scalene triangle has three unequal sides, ad 
ABC, Fig. 6. 

18. A right angled triangle has one right angle, as 
ABC, Fig. 9 ; in which the side AC, opposite to the right 
angle, is called the hypothenuse. 
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19. An clause angled triangh has one obtuse angle, 
Bs C, Fig. 10. 

20. An acute angled triangle has all its angies acute, 
MBASC,Fig,6. 

21. Acute and obtuse angled triangles are called 
oblique angled triangles. 

22. Any plane figure bounded by four right lines, is 
called a quadrilateral. 

23. Any quadrilateral, whose opposite sides are paral- 
lel, is called b, parallelogram, as D, Fig. 11. 

24. A parallelogram, whose angles are a^ right angles, 
is called a rectangle, as £, Fig. 12. 

25. A parallelogram whose sides are all equal, and 
angles right, is called a square, as F, Fig. 13. 

26. A rhomboides is a parallelogram, whose opposite 
sides are equal, and angles obUque, as D, Fig. 11. 

27. A rhombus is a parallelogram, whose sides are aD 
equal and angles obUque, as 6, Fig. 14. 

28. Any quadrilateral figure that is not a parallelo* 
gram, is called a trapezium. 

29. A trapezium that has two parallel sides is called 
a trapeziod. 

30. A right line joining any two opposite angles of a 
quadrilateral figure, is called a diagonal. 

31. That side upon which any parallelogram, or 
triangle is supposed to stand, is caUed the base ; and the 
perpendicular falling thereon fix)m the opposite angle is 
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called the attitude of the parallelogram, or triangle. 
Thus AD is the base of the parallelogram ABEC, or tri* 
angle ABC, and CD is the altitude. Fig. 15. 

32. All plane figures contained under more than fi>ur 
sides, are called polygons; of which those having five 
sides, are caUed pentagons ; those having six sides, Jiexa- 
gonsy and so on. 

33. A regular polygon is one whose angles, as well as 
isides, are all equal. 

34. A circle is a plane figure, bounded by one curve 
line called the circumference or periphery^ every part of 
which is equally distant fi-om a certain point within the 
circle ; and this point is called the centre^ Fig. 16. 

35. The radius of a circle is a straight line drawn 
fix)m the centre to the circumference, as CB, Fig. 17. 

36. The diameter of a circle is a straight line drawn 
through the centre, and terminated both ways by the 
circumference, as AE, Fig. 17. It divides the circle into 
two equal parts, called semicircles. 

37. A quadrant is one quarter of a circle, as ACB, 
Fig. 17. 

Note. — ^The fourth part of the circumference of a circle 
is also called a quadrant 

38. A segment of a circle is the figure contained by 
a right line, and the part of the circumference it cuts off: 
thus AEBA and AEDA are segments of the circle ABED, 
Fig. 16. 

39. An arc ofa circle is any part of the circumference; 
as AD or DE, Fig. 17. 
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40. Ratio is a mutual relation between ti^o quantities | 
of the same kind with respect to magnitude 

Note. — A ratio is generally expressed, either hy two 
numbers or by two right lines. 

41. When two quantities have the same ratio as two 
other quantities, the four quantities taken in order are 
called proportionals ; and the last is said to be a fourth 
proportional to the otHer three. 

42. When three quantities of the same kind are such 
that the first has to the second the same ratio which the 
second has to the third, the third is called a third pro- 
portional to the first and second, and the second is called 
a mean proportional between the first and third. 



GEOMErrRICAL PROBLEMS. 

PROBLEM I. 
Tobisect a right line, AB, Fig. 18. 

Open the dividers to any distance more than half the 
line AB, and with one foot in A, describe the arc CFD ; 
with the same opening, and one foot in B, describe the arc 
CGD. meeting the first arc in C and D ; firomCtoDdraw 
the n^t line CD, cutting AB in E, which will be equally 
distimt from A and B. 

« 

PROBLEM n. 

At a gicen point A, m a right Kne EIF, to erect a perpenr 

diadar. Fig. 19. 

From the point A, lay olSTon each side, the equal dith 

3* 
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tances AC, AD ; from C and D, as centres, with any ra- 
dius greater than AC or AD, describe two arcs intersect- 
ing each other in B; from A to B, draw the line AB, 
which will be the perpendicular required. , 

PROBLEM III. 

To raise a perpendicular on the end ^ of a right lin^ 

AB, Fig, 20. 

Take any point D not in the line AB, and with the 
distance from D to B, describe a circle cutting AB in E ; 
from E through D draw the right line EDC, cutting the 
periphery in C, and join CB, which will be perpendicu- 
lar to AB. 

PROBLEM IV. 

To l^ faU a perpendicular upon a given line BC, from a 

given point A, unthoui it^ Fig. 21. 

In the line BC take any point D, and with it as a centre 
and distant DA describe an arc AGE, cutting BC in G .; 
with G as centre, and distance GA, describe an arc cut- 
ting AGE in E, and from A to E draw the line AFE ; 
then AF will be perpendicular to AB. 

PROBLEM V. 

Tlirough a given point A to draw a right line ABj paralkl 

to a given right line CD, Fig. 22. 

' From the point A to any point F, in the line CD, draw 
the right line AF ; with F as a centre and distance FA, 
describe the arc AE, and with the same distance and 
centre A describe the arc FG ; make FB equal to AE, 
and through A and B draw the line AB, and it will be 
parallel to CD. 
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PROBLEM VI. 

Ai a given point B, in a given right line LG, to make an 
angle equal to a given angle A, Fig. 23. 

With the centre A and any distance AE, describe the 
arc DE, and with the same distance and centre B de- 
scribe the arc FG; make H6 equal to DE, and through 
B and H draw the line BH; then will the angle HBG be 
equal to the angle A. , 

PROBLEM Vn. 

To hised any rigJit lined angle BAG, Fig. 24. 

In the lines AB and AG, from the point A, set off equal 
distances, AD and AE ; with the centres D and E and anj 
distance more than half DE, describe two arcs cutting 
each other in F ; from A through F draw the line AG, and 
it will bi^sect the angle BAG. 

PROBLEM VIIL 

To describe a triangle that shall have its sides respectively 
equal to three right linesy D, E, and F, of which any two 
must he together greater than the thirds Fig. 25. 

Make AB equal to D; with the centre A and distance 
equal to E, describe an arc, and with the centre B and 
distance equal to F describe another arc, cutting the 
former in G ; draw AG and BG, and ABG is the triangle 
required. 

PROBLEM IX, 

Upon a given line AB to describe a square^ Fig. 26. 

At the end B of the line AB, by Pi-oblem III. erect thp 
perpendicular BG, and make it equal to AB ; with A and C 
as centres, and distance AB or BG describe two arcs cut* 
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ting each other in D; draw AD, and CD, then will ABCD 
be the square required. 

PROBLEM X. 

To describe a circle that shall pass through the angular 
points^ A, B, and Cjofa triangle ABC, Fig. 27. 

By Problem I. bisect any two of the sides, as AC, BC, 
by the perpendiculars DE and FG j the point H where they 
intersect each other will be the centre of the circle ; with 
this centre, and the distance from it to either of the 
points A, B, or C, describe the circle. 

PROBLEM XI. 

To divide a given right line AB into any number of equal 

parts. Fig. 28. 

Draw the indefinite right line AP, making an angle 
with AB, also draw BQ, parallel to KP, in each of whiefa, 
take as many equal parts AM, MN, &c. Bo, on, &c. as 
the line AB is to be. divided into ; then draw Mm, Nn, A»C 
intersecting AB in E, F, &c. which will divide the line 
•0 required. 

PROBLEM Xn. 

To make a plane diagonal scale, Fig. 29. 

Draw eleven lines parallel to, and equidistant from 
each other ; cut them at right angles by the equidistant 
lines BC; EF ; 1, 9; 2, 7 ; d£c. then will BC, &c. be divided 
into ten equal parts ; divide the Unes EB, and FC, each 
into ten equal parts ; and from the points of division on 
the line FJB, draw diagonals to the points of division on 
the line FC : thus join E and the first division on *FC, the 
first division on IS, and the second on FC, &c. 

Note. — ^Diagonal scales serve to take ofiT dimensions 
or numbers of three figures. If the first large divisions 
be units, the second set of divisions, along EB, will be 
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10th parts; and the divisions in the altitude, along BC, 
will be 100th parts. If HE be tens, EB, will be units, 
and BC will be tenth parts. If HE be hundreds, BE will 
be tens, and BC units. And so on, each set of divisions 
being tenth parts of the former ones. 

For example, suppose it were required to take off 242 
fhxn the scale. Extend the dividers from E to 2 towards 
H; and with one leg fixed in the point 2, extend the other 
till it reaches 4 in the line EB ; move one leg of the di- 
viders abng the line 2, 7, and the other along the line 4, 
till they come to the line ntarked 2, in the line BC, and 
that will give the extent required. 

PROBLEM Xm. 

To find a third proportional to two given right lines^ 

A ondB. 

Draw two right lines, CD, CE ^ 

containing any angle ; makeCF a 
equal A, and CG,CH, each equal 
B; join F6 and draw HL paral- 
lel to it: then will CL be the third 
proportional required. 

PROBLEM XIV. 

To find a fourth proportional to three given right linesj 

AyBandC. 




A 

Draw two right lines, DE, DF B 
containingany angle ; make D6 ^ 
equal A, uH equal B, and DL 
equal C; join GH and draw LM 
parallel to it: DM will be a 
fourth proportional to A, B^ 
andC. 




HM 
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PROBLEM XV. 

To find a mean proportional between two given right lines 

A and B. 



Draw any right line CE and in 
it take CD equal A, and DE equal 
B; bisect CE in F, and with the 
centre F and radius FC or FE 
describe the semicircle C6E; 
draw DG perpendicular to CE : 
then D6 will be a mean propor- 
tional between A and B« 



PROBLEM XVI. 

To divide a given right line AB into two parts that 
shall have the same ratio to each other as two given tines C 
andD, 



Draw AE making an angle 
with AB ; in AE take AF equal p 
C and FE equal D : join EB and 
draw FG parallel to it ; then AG / 
will have to GB the same ratio /i, 
that C has to D. 



PROBLEM XVn. 

To divide a given right line AB in two parts in the point 
D, so that AD may be to DB in the ratio of two given num- 
hers m and n. JFbr example, let m=3, and n=z4. 

Draw AC making any angle with AB ; take C 

the number m from any convenient scale 
of equal parts, and lay it on AC, from A to E ; 
and take the number n from the same scale, 
and lay it from E to C j join CB and draw ED 
parallel to it ; then AB will be divided as re- 
quired. 
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PLANE TRIGONOMETRY. 



DEFINITIONS. 

1 . Plane Trigonohetbt is the art by which, when an j 
three parts of a plane triangle, except the three angles, 
are given, the others are determined. 

2. The periphery of every circle is supposed to be di- 
vided into 360 equaJ parts, called degrees ; each degree 
mto 60 equal parts, called minutes } and each minute into 
60 equal parts, called seconds, &c. 

3. The measure of an angle is the arc of a circle, con- 
tained between the two lines that form the angle, the 
angular point being the centre ; thus the angle ABC, Fig. 
30, is measured by the arc DE, and contains the same 
number of degrees that the arc does. The measure of 
a right angle is therefore 90 degrees; for DH* Fig. 31, 
which measures the right angle DCH, is one fourth part 
of the circumference, or 90 degreeB. 

Note. — ^The degrees, minutes, seconds, &c. contained 
in any arc, or angle, are writtea in this manner, 50^ 18' 
35" ; which signifies that the given arc or angle contains 
59 degreei 18 minutes and 35 seconds. 

4L The complement of an arc, or of an angle, is what 
it wants of 90"^ ; and the supplement of an arc, or of an 
angle,is what it wants of 180°. 

3 85 
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5. The chord of an arc, is a right line drawn from one 
extremity of the arc to the other : thus the line BE is the 
chord of the arc BAE or BDE, Fig. 31 

6. The sine of an arc, is a right line drawn from one 
extremity of the arc perpendicular to the diameter which 
passes through the other extremity: thus BF is the sine 
of the arc AB or BD, Fig. 31. 

7. The cosine of an arc, is that part of the diameter 
which is intercepted between the sine and the centre : 

thus CF is the cosine of the arc AB, and is equal to BI, 
the sine of its complement HB, Fig. 31. 

8. The verses? ^116 ofan arc, is that partof the diameter 
which is intercepted between the sine and the arc : thus 
AF is the versed sine of AB; and DF of DB, Fig. 31. 

9. The tangent of an arc, is a right line touching the 
circle in one end* of the arc, being perpendicular to the 
diameter which passes through that end, and is termina- 
ted by a right line drawn from the centre through the 
other end : thus AG is the tangent of the arc AB, Fig. 31. 

10. The seocmi of an arc, is the right line drawn from 
the centre and terminating the tangent ; thus CG is the 
secant of AB, Fig. 31. 

11. The cotangent of an arc, is the tangent of the 
complement of that arc ; thusHKis the cotangent of AB, 
Fig. 31. 

12. The cosecant of an arc, is the secant of the com- 
plement of that arc ; thus CK is the cosecant of AB, 
Fig. 31. 
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13. The sine, cosine, &c. of an angle is the same as 
the sine, cosine, &c. of the arc that measures the angle. 



PROBLEM I. 

To construct the lines of cords^ sines^ tangents^ and secants^ 

to any radius. Fig, 32. 

Describe a semicircle with any convenient radius CB ; 
from the centre C draw CD perpendicular to AB and 
produce it to F ; draw BE parallel to CF and join AD. 

Divide the arc AD into nine equal parts, as A 10 ; 10, 
20, &c. and with one foot of the dividers in A, transfer the 
distances A, 10 ; A, 20, &c. to the right lin« AD ; then 
will AD be a line of chords constructed to every ten de- 
grees. 

Divide BD into nine equal parts, and from the points 
of division, 10, 20, 30, &c. draw lines parallel to CB,* 
and meeting CD in 10, 20, 30, &c. and CD y^ be a line 
of sines. 

From the centre C, through the divisions of the arc 
BD, draw lines meeting BE, in 10, 20, 30, &c. and BE 
will be a line of tangents. 

With one foot of the dividers in C transfer the dis- 
tances from C ter 10, 20, &c. in the Une BE to the line 
CF which will then be a line of secants. 

By dividing tlie arcs AD and BD each into 90 equal 
parts, and proceeding as above, the lines of chords, 
sines, &c. may be constructed to every degree of the 
quadrant. 

^ To avdd confusion, these lines are not drawn in the figure. 
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PROBLEM n. 

At a given point A in a given right line AB, to make 
an angle of any proposed number of degrees suppose 38 
^degrees. Fig. 33. 

With the centre A, and a radius equal to 60 degrees, 
taken from a scale of chords, describe an arc, cutting 
AB in m ; from the same scale of chords, take 38 degrees 
and apply it to the arc from m to n, and from A tlirough 
n draw the line AC ; then will the angle A contain 38 
degrees. 

Note. — ^Aigles of more than 90 degrees are taken off 
at twice. 

PROBLEM m. 

To measure a given angle A. Fig. 34. 

Describe !he arc mn with the chord of 60 degrees, as 
in the last problem. Take the arc mn between the di- 
viders, and that extent applied to the scale of choitlB 
will show the degrees in the given angle. 

Note. — ^When the distance mn exceeds 90 degrees, it 
must be taken off at twice, as before. 
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CHF THE TABLE 

OF 

LOGARITHMIC OB ARTIFICIAL SINES, TANGENTS, Ac 



This table contains the logarithms of the sine, tan- 
gent, &c. to every degree and minute of the quadrant, 
the radius being 10000000000, and consequendy its lo- 
garithm 10. 

Let the radius CB, Fig. 32, be supposed to consist of 
10000000000 equal parts as above, and let the qua- 
drant DB be divided into 5400 equal arcs, each of these 
will therefore contain 1'; and if from the several points 
of division in the quadrant, right Unes be drawn perpen- 
dicular to CB, the sine of every minute of the quadrant 
to the radius CB will be exhibited. The lengths of these 
Unes being computed and arranged in a table, constitute 
what is usually termed a table of natural sines. The 
logarithms of those numbers taken from a table of loga- 
rithms, and properly arranged, form the table of loga- 
riihmic or artificial sines. In like manner the logarithmic 
tangents and secants are to be understood. 

The method by which the sines are computed is too 
abstruse to be explained in this work, but a familiar ex- 
position of this subject, as well as of the construction of 
logarithms may be seen in Simpson^ s trigonometry. 

To find^ by the table^ the sine, tangent j Sfc. of an arc or 

angle. 

If the degrees in the given angle be less than 45, look 
for them at the top of the table, and for the minutes, in 
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the left hand column ; then in the column marked at the 
top of the table, sine, tangent, &c. and against the mi- 
nutes, is the sine, tangent, &c. required. If the degrees 
are more than 45, look for them at the bottom of the 
table, and for the minutes, in the right hand column ; 
then in the column marked at the bottom of the table, 
sine, tangent, &c. and against the minutes, is the sine, 
tangent, &c. required. 

N<ae. — ^The sine of an angle and of its supplement 
being the same, if the given number of degrees be above 
90, subtract them from 180°, and find the sine of the re- 
mainder. 

EXAMPLES. 

1. Required the sine of 32*^27' Arts. 9.72962. 

2. Required the tangent of 57** 39^ Ans. 10.19832. 

3. What is the secant of 89** 31' Ans. 12.07388. 

4. What is the sine of 15r43' Ans. 9.57885. 

To find the degrees and minutes corresponding to a given 

^ sine^ tangent^ &c. 

Find, in the table, the nearest logarithm to the given 
one, and the degrees answering to it will be found at 
the top of the table, if the name be there, and the mi- 
nutes on the left hand ; but if the name be at the bottom 
of the table, the degrees must be found at the bottom; 
and the minutes at the right hand. 

BXAHPLES. 

1. Required the degrees and minutes in the angle 
whose sine>is 9.64390. Ans. 26'' 8^. 
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2. Required the degrees and minutes in the angle 
whose timgent is 10.47464. Ans. IV 28. 



ON GUNTER« SCALE. 

GuNTER^s scale is an instrument by which, with a pair 
of dividers, the different cases in trigonometry, and many 
other problems, may be approximately solved. 

' It has on one side, a diagonal scale, and also the lines 
of chords, sines, tangents, and secants, with several 
others. 

On the other side th.ere are several logarithmic lines 
as follow : 

The line of numbers marked Num.^ is numbered from 
the left hand of the scale towards the right, with 1, 2, 3, 
4, 5, 6, 7, 8, 9, 1, which stands in the middle of the 
scale ; the numbers then go on 2, 3, 4, 5, 6, 7, 8, 9, 10, 
which stands at the right hand end of tlie scale. These 
two equal parts of the scale are similarly divided, the 
distances between the first 1, and the numbers 2, 3, 4, 
&c. being equal to the distances between the middle 1, 
and the numbers 2, 3, 4, &c. which follow it. The sub- 
divisions of the two parts of this line are Ukewise simi- 
lar, each primary division being divided into ten parts, 
distinguished by lines of about half the length of the pri- 
mary divisions. 

The primary divisions on the second part of the scale, 

are estimated according to the value set upon the unit on 

the left hand of the scale. If the first 1 be considered 

as a unit, then the first 1, 2, 3, &c. stand for 1, 2, 3, Aie 

the middle 1 is 10, and the 2, 3, 4, &c. following stand 
4# F 
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for 20, 30, 40, &c. and the ten at the right hand for 100 
If the first 1 stand for 10, the first 2, 3, 4, &c« must be 
counted 20, 30, 40, &c. the middle 1 will be 100, the 
second 2, 3, 4, &c. will stand for 200, 300, 400, &c. and 
the 10 at the right-hand for 1000. 

If the first 1 be considered as iV of a unit, the 2, 3, 4, 
die. following will be ^ir, A, A, &c. and the middle 1, 
and the 2, 3, 4, &c. following, will stand for 1, 2, 3, 4, &c. 

The intermediate small divisions must be estimated 
according to the value set upon the primary divisions. 

Sines. — ^The Une of sines, marked Sm., is numbered 
from the left hand of the scale towards the right, 1, 2, 3, 
4, &c. to 10, then 20, 30, 40, &c. to 90, where it termi- 
nates just opposite 10 on the line of numbers. 

Tangents. — ^The line of tangents, marked Tan.^ begins 
at tlie left hand, and is numbered 1, 2, 3, 6zc. to 10, then 
20, 30, 40, 45, where there is a brass pin, just under 90 
in the line of sines ; because the sine of 90® is equal to 
the tangent of 45^ From 45 it is numbered towards the 
left hand 50, 60, 70, 80, &c. The tangent arcs of above 
45® are therefore counted backward on the line, and are 
found at the same points of the line as the tangents of 
their complements. 

There are several other Unes on this side of the scale, 
as Sine Klmnibs^ Tangent BJiumhs^ Versed Sines^ &ic. ; 
but those described are sufficient for solving all the pro- 
blems in plane trigonometry. 

Remarks on Angles^ Triangles^ Sfc. 

1. If from a point D in a right line AB, one or more 
right lines be drawn on the same side of it, the angles 
thus formed at the point D will be together equal to two 
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right angles, or 18(r; thus ADE+EDB^two right 
angles, or ISO*": also ADC+CDE+EDB=two right 
angles, or 180^ fig. 35. 

2. Since the angles thus formed at the point D, on the 
other side of AB, would also be equal to two right angles, 
the sum of all the angles formed about a point is equal 
to four right angles or 360°. 

3. If two right lines cut one another, the opposite 
angles will be equal : thus A£C=BED, and AED=CEB. 
Fig. 36. 

4. The sum of the three angles of a plane triangle is 
equal to two right angles, or 180^ 

5. If the sum of two angles of a triangle be subtracted 
from 180^ the remainder willl)e the third angle. 

6. If one angle of a triangle be subtracted from 180% 
the remainder will be the sum of the other two angles. 

7. In right-angled triangles, if one of the acute angles 

be subtracted from 90% the remainder will be the other 
acute angle. 

8. The angles at the base of an isosceles triangle are 
equal to one another. 

9. If one side of a triangle be produced, the external 
angle will be equal to the sum of the two internal and 
opposite angles : thus the external angle CBD, of the 
triangle ABC, is equal to the sum of the internal and op 
posite angles A and C. Fig. 37. 
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10. The angle at the centre of a circle is double of 
the angle at the circumference, upon the same base, that 
is upon the same part of the circumference : thus the 
angle BEC is double of the angle BAG. Fig. 38. 

11. The angles in the same segment of a cu*cle are 
equal to one another : thus the angle BAD is equal to 
the angle BED; also the angle BCD i3 equal to the angle 
BFD. Fig. 39. 

12. The angle in a semicircle is a right angle : thus 
the angle ECF, Fig. 45, is a right angle. 

13. This mark ' placed on the sides or in the angles 
of a triangle, indicates that they are given ; and this 
mark ^ placed in the same way, indicates that they are 
required. 

PRACTICAL RULES FOR SOLVING ALL THE CASES 

OF PLANE TRIGONOMETRY. 

CASE 1. 

The angles and one side qfanyfiane triangle being given^ 

to find the other sides. 

RULB. 

I 

As the sine of the angle opposite the given side. 
Is to the sine of the angle opposite the required side, 
So is the given side, 
To the required side.* , 



* BsvoirsTBATioir. Let ABC, Fig. 40, be any ptene triangle ; take BF^AC 
and upon AB let HeJI the perpendicular! CD and F£, which will be the sines of 
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Noie 1. — ^The proportions in trigonometiy are worked 
by logarithms : thus, from the smn of the logarithms of 
the second and third terms, subtract the logarithm of 
the first term, and the remainder will be the logarithm 
of the fourth term. 



2. The logarithmic sine of a right angle or 90^ is 
10.00000, being the same as the logarithm of the ra- 
dius. 



EXAMPLES. 



1. In the triangle ABC, there are given the angle A= 
32** 15', the angle B=114° 24V and consequently the 
angle 0=33"* 21' and the sides AB=:98 ;* required tha 
sides AC and BC. 



By Construction^ Fig. 41. 

Make AB equal to 98 by a scale of equal parts, and 
draw AC, making the angle A=:32^ 15'; also make the 
angle B=114'' 24' and produce BC, AC, till they meet in 
C, then is ABC the triangle required ; and AC measured 
by the same scale of equal parts, is 162, and BC is 95. 



the angles A and B to the equal radii AC and BF. Now the trianglea BBC and 
BEF being similar, we have CD; FE: : BC: BF: or AC ; that b sin. A: sin. B s 
* BC : AC. In Hke manner it is proved, that sin. A : sin. C; : BC : AB. When 
one of the angles is obtuse, the demonstration is the same. Hence it appears, that 
in any plane trian^^, the odes are to one another as the sines of their oppo«te 
angles. 

* This 98 may express so many feet, or yards, dec, and the other sides will be 
of the same denomination as the given. ^ 



46 n.Ain TSraONOMBTET. 

By Calculation. 
As sine ofthe angle CSS** 21' - - 9.74017 



Is to sine of the angle B 1 14'* 24' - - 9.95937 
So is AB 98 '-'1.99123 



11.95060 
9.74017 



To AC 162.3 ------- 2.21043 

As sine ofC 33° 21' 9.74017 



Is to sine of A 32° 15' 9.72723 

So is AB 98 1.99123 



11.71846 
9.74017 



To BC 95.12 1.97829 

* 

By Gtmter*8 Soak. 

Extend the compasses, on the line of sines, from 
33** 21' to 65*^ 36' the supplement of the angle B ; that 
extent will reach, on the line of numbers, from 98 to 162,* 
the side AC. 

Extend the compasses from 33^ 21' to 32^ 15' on the 
line of sines ; that extent will reac^h, on the line of num 
bers, from 98 to 95, the side BC. 

2. In the right-angled triangle ABC, are given the 
hypothenuse ACz=:480, and the angle A=:53'' 8'. To 
find the base AB and perpendicular BC. 
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From 90® subtract the angle ArrSS*" 8; the remain- 
der 36^ S3I will be the angle C. The angle B, being a 
right angle, is 90^ 

By Construction^ Fig. 42. 

This may be constructed as in the preceding exam- 
ine, or otherwise thus, 

Draw the line AB of any length, and draw AC making 
the angle A=53*' S*; make AC=:480 by a scale of equal 
parts, and from C draw CB perpcndictilar to AB, then 
ABC is the triangle required. AB measured by the same 
scale of equal parts, will be 288, and BC will be 384. 

By Calculation. 
As sine of B 90® 10.00000 

Is to sine of A 53® 8' .... 9.90311 
So is AC 480 2.68124 

12.58435 

ToBC384 2.58435 

As sine of B 90® 10.00000 

IstosmeofC36®52f .... 9.77812 
So is AC 480 . . - - 2.68124 

12.45936 

ToAB288 2.45936 
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By Gunier^s Scale. 

Extend the compasses, on the line of sines, from 90^ 
to 53^ 8', that extent will reach, on the line of numbers, 
from 480 to 384 the perpendicular BC. 

Extend the compasses, on the line of sines, from 90"* 
to 36^ 52^, the complement of the angle A ; that extent 
will reach, on the line of numbers, frx>m 480 to 288, the 
base AB. 

3. In the triangle ABC, axe given the angle A=79* 
23', the angle B=54*' 22', and the side BC=125; re- 
quired AC and AB. Ans. AC= 103.4, and AB=91,87. 

4. In a right-angled triangle, there are given the 
angle A=56'' 48', and the base AB=53.66, to find the 
perpendicular BC and hypothenuse AC. Ans. BC=82 
and AC=98, 

5. In the right-angled triangle ABC, are given the 
angle A=39^ 10', and the perpendicular BC=407.37, to 
find the base AB and hypothenuse AC. ^^•A6 = 500.1, 
andAC=:645. 

CASB 2. 

7\oo sides and an angle opposite one of them being givent 

to find the other angles and side. 

RULB. 

As the side opposite the given angle, 

Is to the other given side. 

So is the sine of the angle opposite the former, 

To the sine of the angle opposite the latter.* 



* Thii if arident from the demoiistntion of th« role in the piecedtnf 
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Add the angle thus found to the given angle, and sub- 
tract their sum from 180% the remainder will be the 
third angle. 

After finding the angles, the other side may be found 
by Case !• 

Note. — ^The angle found by this rule is sometimes am 
biguous ; for the operation only gives the sine of the 
angle, not the angle itself; and the sine of every angle 
i s also the sine of its supplement. 

When the side opposite the given angle is equal to, 
or greater than the other given side, then the angle op- 
posite that other given side is always acute ; but when 
this is not the case, that angle may be either acute or 
obtuse, and is consequently ambiguous 



EXAHPLES. 



1. In the triangle ABC, are given the angle C=33^ 
21', the side AB=.98 and the side BC=:.7912 ; required 
the angles A and B, and the side BC. 

By Construction^ Fig. 43. 

Make BC=.7912 by a scale of equal parts, and draw 
CA, making the angle C=33^ 21'; with the side AB= 
.98, in the compasses, taken from the same scale of 
equal parts, and B as a centre, describe the arc oi, cut- 
ting AC in the point A, and join BA; then is ABC the 
triangle required: the side AC, measured by the scale of 
equal parts will be 1.54, and the angles A and B, mea* 
sured by a scale of chords will be 26° 21' and 120° 18'. 

Here the arc ab cuts AC in one point only, because AB 

is greater than BC ; therefore the angle A is acute, and 

not ambiguous. « 

G 
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By Cktleulatum. 
AbAB,.98 —1.99123 



Is to BC, .7912 —1.89829 

So is sine of C, 33° 21' - - - 9.74017 



9.63846 



To sine ofA, 26" 21' - - 9.64723 

To the angle C=33° 21' add the angle A=26"' 21' and 
the sum is 59° 42' which subtracted from 180° leaves 
the angle 6=120° 18* 

As sine of C, 33° 21' - - - - 9.74017 



Is to sine of B, 120° 18'. 9.93621 

So is AB, .98- - - - - —1.99123 



9.92744 



To AC, 1.539 - - - . 0.18727 

By Gvnter*8 Scale, 

Extend the compasses from .98 to .79 on the line of 
numbers, that extent will reach from 33° 21' to 26° 21', 
the angle A, on the hne of sines. 

Add the angle A=26° 21' to the angle C=33° 21', 
and the sum will be 59° 42'; then extend the compasses 
(rom 33° 21' to 59° 42', on the line of sines, that extent 
will reach from .98 to 1.54, the side AC, on the line of 
numbers. 

2. In the triangle ABC, are given the angle C=:33° 21', 
the side BC=95.12 and the side AB=60, to find the 
angles A and B, and ,the side AC« 
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By Constntctiony Fig. 44. 

This is constructed in the same manner as the pre- 
ceding example ; only AB, being shorter than BC, the 
arc ab cuts AC in two points on the same side of BC ; 
hence the angle A may be either acute or obtuse. The 
side required has also two values, as AC and AC. 

By Calculatian. 

A8AB,60 1.77815 



IstoBC,95.12 1.97827 

SSo is Sine C, 33^ 21' - . - - 9.74D17 



11.71844 



To™.«fA{5f,^Jj:^| 9.94029 

The sum of the angles C and A subtracted from 180° 
leaves the angle B=86° 1' if A be acute, or 2r 17 if A 
be obtuse. 

To find the side AC answering to the acute value of 
the angle A. 

As sine of C, 33" 21' - - - 9.74017 



Is to sine of B, 86^1' - • - 9.99895 
So is AB, 60 1.77815 



11.77710 



To AC, 108.9 2.03693 

To find the side AC, answering to the obtuse value of 

the angle A. 
4 
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AfisineofC,33^2r - - - 9.74017 



Iflto BineofB,2n7 - - - 9.66124 
SoiflAB,60 .... 1.77815 



11.43939 



ToAC,50.03 ..... 1.69922 

3. In a triangle ABC, the side AB is 274, AC 306. 
and the angle B 78^ 13'; required the angles A and C. 
and the side BC. 

Ans. A=40^ 33', C=6r 14', and BC=203.2. 

4. In a right-angled triangle, there are given the 
hypothenuse AC=272, and the base AB=232; to find the 
angles A and C, and the perpendicular BC. 

Ans. A=3V 28 C=58^ 32' and BC=142. 

5. In a right-angled triangle ABC, the hypothenuse 
AC is 150, and one side BC 69 ; required the angles and 
other side. 

Am. C=62^ 37, A=2r 23', and AB 133.2. 

OASB 3. 

J\oo sides and the included angh being given^ to find the 

other angles and side. 

RULB. 

Subtract the given angle firom 180% and the remainder 
will be the sum of the two unknown angles. Then, 
As the sum of the two given sides, 
b to their difference; 
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So is the tangent of half the sum of the two unknown 
angles. 

To the tangent of half their difference.* 
This half difference of the two unknown angles, add- 
ed to their half sum, will give the angle opposite the 



* DsMOiwrKATioif. Let ABC, Fig, 45, be the proposed triangle, having 
the two given eides AB, AC, including the given angle A. About A as a 
centre^ with AC the greater of the given sides for a radius, describe a circle 
meeting AB produced in E and F, and BC in D ; join DA, £C, and FC, and 
draw F6 parallel to BC, meeting EC produced in G. 

The angle EAC (32.1.) is equal to the sum of the unknown angles ABC, 
ACB ; and the angle EFC at the circumference, is equal to the half of 
EAC at the centre (20.a ;) therefore EFC is half the sum of the un- 
known angles; but (32.1.) the angle ABC is equal to the sum of the 
angles BAD and ADB or BAD and ACB; therefore FAD is the dif- 
ference of the unknown angles ABC, ACB ; and FCD, at the circum- 
ference is the half of that diflbrence; but because of the parallels 
DC, PG^ the angles GFC, FCD are equal ; therefore 6FC is equal to half 
the difference of the unknown angles ABC, ACB; but since the angle 
fiC^ in a semicircle, is a right angle, EG is perpendicular to CF, and 
therefore CF being radius, EC, CG are the tangents of the angles EFC, 
CFG; it is also evident that EB is the sum of the sides BA) AC, and that 
BF is the difference ; therefore since BC, FG are parallel, EB : BF : : 
EC : CG (2.6. :) that is, the sum of the sides AC, AB, is to their difierence, 
as the tangent of half the sum of the angles ABC, ACB, is to the tangent of 
half their difiference. 

To demonstrate the latter part of the rule, let AC and AB, Fig. 46, repre- 
sent any two magnitudes whatever; in AB produced, take BD equal to AC 
the less, and bisect AD ui E. 

Then because AE is equal to ED and AC to BD, CE is equal to EB; there- 
five AE or ED is half the sum of the giiren magnitudes AB, AC, and CE or 
GB is half their difference; bat AB the greater is equal to AE, EB, that is 
to half the sum added to half the difference ; and AC the less, is equal to the 
excess of AE, half the som, above CE, half the difl^reiiee* 
5* 
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greater of the two given sides, and being subtracted 
from the half sum will give the angle opposite the less 
given side. 

After finding the angles, the other side may be found 
by Case 1. 

BXAHPLBB. 

1. In the triangle ABC, there are given AB=128, AC 
—90, and the angle A=:48'' 12', to find the angles B 
and C, and the side BC. 

By Construction, Fig. 47. 

Draw AB:=:128, and make the angle A=48'' 12^; draw 
AC=90, and join BC. The angle B will measure 44"* 
3T, the angle C 87° 11', and the side BC 95.5. 

By Calculation. 

AB 128 180** a 

AC 90 Angle A 48 12 



Sum 218 Sum of the angles B and C 131 48 

Difference 38 Half sum do. 65 54 

As the sum of the sides, AB, AC, 218 - - 2.33846 

Is to their difference, 38 1.5797& 

So is the tangent of half the sum of the angles ) i a 04000 

B and C, 65° 54' ) 

11.92916 
To tang, of half their difference, 21° IT - - 9.59070 

Half sum of the angles B and C ... 65° 54' 
Add and subtract half their difference - 21 17 

Angle C - - - - - - 87 11 

Angle B 44 37 
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To find the side BC. 

As sine of B, 44^ 37 - - 
Is to sine of A, 48 12 - - 
So is AC, 90 



9.84656 
9.87243 
1.95424 

11.82667 



To BC, 95.52 1.98011 

By Gunter^s Scale. 

Extend the compasses from 218, the sum of the sides, 
to 38, their difference, on the line of numbers, and apply 
this extent to the Une of tangents from 45° to the left 
hand ; then keeping the left leg of the compasses fixed, 
move the other leg to 65° 54' the half sum of the angles ; 
that disjtance will reach from 45° on the same line, to 
21° IT, the half difference of the required angles. 
Whence the angles are obtained as before. 

To extend the second proportion, proceed as directed 
in Case 1st. 
• 

2. In a triangle ABC, are given AB=109, BC=76, 
and the contained angle B=101° 30*, to find the other 
angles and side. 

5 Ans. The angle A=30°5T, C=4r 33', and tlie 
(side AC= 144.8. 



3. Given, in a right-angled triangle, the base AB=890 
and the perpendicular BC=787, to find the angles and 
hypothenuse. ^ 

( Ans. The angle A=41^ 29', C=48° 31', and 
( the hypothenuse AC=1188. 
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CASE 4. 

Given the three sides, to find the angles. 

RULE 1. 

Consider the longest side of the triangle as the base, 
and on it let fall a perpendicular from the opposite angle. 
This perpendicular will divide the base into two parts, 
called segments, and the whole triangle into two right- 
angled triangles. Then, 

As the base, or sum of the segments, 

Is to the sum of the other two sides ; 

So is the diffisrence of those sides. 

To the difference of the segments of the base.* 



* DsMomrrBATiON. Let ABC, Fig. 48, be a triangle, and CD be perpen- 
dicular upon AR About C as a centre with the leas side BC for a radius, 
describe a circle, meeting AC produced, in 6 and EJ, and AB in F. Then 
it is evident that AE is equal to the sum of the sides AC, BC, and that AG 
is equal to their difference ; also because CD bisects FB (aS,) it is plain 
that AF is the difference of the segments of the base ; but AxBAFs=AE 
X AG (86.3. cor. ;) therefore AB : A£ :: AG : AF (16.6 ;) that is, the base* 
is to the sum of the sides, as the difference of the sides, is to the difference 
of the segments of the base. 

Cor. If AF be considered the base of the triangle AFC, then will CD 
be a perpendicular on the base produced ; A£ will be equal to the 
sum of the sides AC, FC, and AG will be equal to their difierence ; also 
AB will be equal to the sum of the segments AD, FD. But by the preced- 
ing demonstration and (16.5,) AF : AE : : AG : AB ; hence, when the 
perpendicular fidls without the triangle, the base is to the sum d the 
sides, as the difference of the sides is to the sum of the segments of 
the base. 

A rule might, therefore, be given, mab'ng either side of a triangle 
the base ; and such a rule would be rather more convenienty.in some cases, 
than the one above : but then, on account of the perpendicular sometimes 
fidling within and sometimes without the triangle, it would require two cases, 
and consequentlj would be leas simple. 
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To half the base, add half the difference of the seg* 
meiits, and the sum will be the greater segment ; also 
from half the base, subtract half the difference of the 
segments, and the remainder will be the less segment 

Then, in each of the two right-angled triangles, there 
will be known two sides, and an angle opposite to one 
of them ; consequently the other angles may be found 
by Case 2. 

1. Inthe triangle ABC, are given AB=426,AC=:365, 
and BC=230; requited the angles. 

By Construction^ Fig. 49. 

Draw AB=426 ; with AC=365 in the dividers, and 

one foot in A, describe an arc, and with BC=230, and* 

one foot.in B describe another arc, cutting the former in 

C ; join AC, BC, and ABC will be the triangle required. 

The angles measured by a scale of chords, will be A= 

32^ 3^, B=58^ 56', and C=88^ 25'. 

• 
By Calculation. 

AC - 365 

BC ^230 

Sum 595 



Difference - - - - 135 
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As the base AB 426 3.62941 

Is to the sum of the sides AC, fiC - 595 2.77452 
So is the diff. of the sides AC, BC • 135 2.13033 

4.90485 
To ;he difil of the segments AD, DB 188.6 2.27544 

Half difi*. of the segments * *- - . ^^ 
Half base 213. 

Segment AD ' 307.3 

Segment BD 118.7 

As AC 365 2.56229 

Is to AD 307.3 2.48756 

So is sine of AD(? - - 90" 10.00000 

12.48756 

TosineofACD - - - - 57' 21' 9.92527 

90 00 

Angle A 32 39 

AsBC 230 2.36173 

IstoBD 118.7 2.07445 

So is sine of BDC .... 90° 10.00000 

12.07445 

To sine of BCD 31" 4' 9.71272 

90 

Angle B 58 56 

From 180° subtract the sum of the angles A, and B. 
91° 35', and the remainder 88° 25' is the angle C. 

» 



nAMB TUGOMOMBTBT. ' 59 

By Gtmter^s Scale. 

Extend the compasses from 426 to 595 on the line ot 
numbers , that extent will reach on the same line from 
135 to 188.6 the difference of the segments of the base. 
Whence the segments of the base are found as before. 
To extend the other proportions, proceed as directed in 
Case 2. 

2. In a triangle ABC, there are given AB=64, ACr= 
47. and BC=34 ; required thd angles. Ans. Angle A 
=3r 9^, B=45^ 38', and C=103° 13'. 

3. In a triangle ABC, are given AO>=88, AB=108, 
and BC==54, to find the angles. Ans. Angle A=29^ 
49', B=54^ T, and C=96^ 4'. 

RULE 2. 

Add together the arithmetical complements of the lo- 
garithms of the tvro sides containing the required angle,, 
the logarithm of the half sum of the three sides, and the 
logarithm of the difference betvreen the half sum and 
the side opposite the required angle. Then half the 
sum of these four logarithms will be the logarithmic 
cosine of half the required angle.* 



* D aMowiiu now. Let ABC, be a triangle of which the side Aft ii 
greater than AC: make ADaAC, join DC, bisect it in £, and join A£; 
draw £H parallel and equal to CB; join HB and prodace it to meet AE 
produced in 6. 

Now in the triangles AED, AEC, 
all the sides of the one are equal 
to the sides of the other, each to 
each; therefore (8.1) the angle EAD 
s EAC, and A£D» AEC ; consequent- 
if AED is a right angle. 
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VXAMPIJUU 



1. Ill the triangle ABC» are given AB=426, AC:=365 
and BC=230; required the angle A. 





By Calculation, 




BC 
AC 
AR 

• 


230 
365 
426 


Ar. Co. 
At. Co. 


7.43771 
7.37059 


4 

4 

Half sum 


2)1021 
510.5 


log. 
log. 


2.70800 


Difference 


280.5 


2.44793 . 








2)19.96423 


Cos.iA 16° 20 

2 

• 


r 


9.98211 


Angle 


!A 32 40 





Becaum EH is eqaal and parallel to BC, BH ib also equal and parallel to 
£C (83.1 ;) now in the triangles £I)F and HBF, the angle EFIN==:BFH, the 
angle FED=FHB (29.1) and ED=EC=BH; therefore (26.1) EF=PH, and 
FD=FR Again, the angle HG£=DEA=a right angle; if therefore 
with the centre F, and radius FE^FH, a circle 'be described, it will pass 
tdro<igh the point 6 (31.a) 

, Now2AF=2AD+2DF=AD+AI)-f.DB=AD+AB«AC+AB;there. 
fore AF»iAC+iAB ; also ¥K^\\K^^^R^\^C ; hence, by adding equals 
to equals, AF+FK^^AC+iAB+iBC, or AK»^(AC+AB+BC;) again, 
AI=AK— I&=J(AC-fAB+BC)— BC. 

But (Dem. to rule, case Ist) AD: AE: :sin. A£D:sin. ADE: :rad.:coa. 
EAD (cos. PAC.) Also, AB : AG : : sin. AGB : sin. ABG : : nuL: cos. 
BAG (cos. PAC.) 

Hence (c.6) ABx AD: : AGx AE: :Tad.*: (cos. ^BAC)'. ButABx 
ADsABxACand (cor.3a3) AGx AE»AKx AI=i(AC+AB+BC)x 
[J(AC+AB+BC)— BC;] therefore ABxAC: i(AC+AB+BC)x[i(ACr 
AB+BC)— Bq : : rad.« : (cos. ^BAC)' . 

Now it is evident, that^ in working this proportion by logarithms 
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If the otiier angles arc required, they may be found 
by Case 1. 

2. In a triangle ABC, are given AB= 64, AC=47, and 
BC=34, to find the angle B. Ana. Angle B=45° 38*. 

3. In a triangle ABC, are given AC=88, AB=108, 
and BC=54, to find the angle C. Ans. C=i96° 4'. 

The preceding rules solve all the cases of plane trian- 
gles, both right-angled and oblique. There are, how- 
ever, other rules, suited Jto right-angled triangles, which 
are sometimes more convenient than the general ones. 
Previous to giving these rules, it will be necessary to 
I9ake the foUowing 

Remarks on right-angled triangles. 

1. ABC, Fig. 50, being a right-angled triangle, make 
one leg AB radius, that is, with the centre A, and dis- 
tance AB describe an arc BF. Then it is evident that 
the other leg BC represents the tangent of the arc BF, 
or of the angle A, and the hypothenuse AC the secant 
of it 

2. In like manner, if the leg BC, Fig. 51, be m^de 
radius ; then the other leg AB will represent the tangent 
of the arc B6, or angle C, and the hypothenuse AC the 
secant of it. 



afid taking the arithmetical complementB of the logarithms of the fiTBt 
term, riz. of the two sides inclading the required angle, if we omit the 
logarithm of the .square of radius, which is 20, it is jnst equivalent to re- 
jecting 20 from thesomofthe logarithms; which would otherwise have to 
be done. 
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3. But if the hypothenuse be made radius, then each 
leg will represent the sine of its opposite angle ; namely, 
the leg AB, Fig. 52, the sine of the arc 'AE or angle C, 
and the leg BC the sine of the arc CD, or angle A. 

The angles and one side cf a right-angled triangle being 

given, to find the other sides. 

RULE. 

Call any one of the sides radius, and write upon it the 
word radius ; observe whether the other sides become 
sines, tangents, or secants, and write these words on 
them accordingly. Call the word written upon eayh 
side the name of that side. Then, 

As the name of the side ^ven. 

Is to the name of the side required ; 

So is the side given. 

To the side required.* 

Jho sides of a right-angled triangle being given to find 

the angles and other side. 

RULE. 

Call either of the given sides radius, and write on 
them as before. Then, 



^DsMQiarnunoii. Let ABC, Fig. 5S, be a right angled triangle ; then it 10 
evident that BC is the tangent, and AC the secant of the angle A, to the ra^- 
dius AB. Let AD represent the radius of the tables, and draw DE perpen- 
dicular to AD, meeting AC produced in E ; then DE is the tangent, and AE 
the secant of the angle A, to the radius AD. But because of the similar tri- 
angles ADE, ABC, AD : DE : : AB : BC; thatis, the tabular radius : tabular 
tangent: : AB: BC. AlsoAD: AE: : AB: AC ; that is, the tabular radius : 
tabular secant : : AB : AC. These proportions correspond with the rule. 
When either of the other sides is made radius, the demanstration will be 
similar. 
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As the side made radius, 
Is to the other giyen side ; 
So is radius, 
To the name of that other side.* 



• 



After finding the angle, the other side is found as in 
tlie preceding rule. 

BXAUPLES. 

1. In a right-angled triangle ABC, are given the base 
AB=208, and the angle A=35'' 1«', to find the hypo- 
thenuse ACand perpendicular BC. 

By Caiculation. 

The hypothenuse AC being radius. 
As the sine of C, 54" 44' - - - 9.91194 

Isto radius lOXKKXK) 

So is AB 208 2.31806 

12.31806 
To AC 254.8 240612 

Aa the sine of C 54° 44' - - - 9.91194 
Is to the sme of A, 35 16 - - - 9.76146 
So is AB 208 2.31806 

12.07952 
To BC, 147.1 ---%-- 2.16758 

* This is the convene of the'preceding nde. 



p« 



€4 
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The base AB being radius. 
As radius ........ 10.00000 

Is to the secant of A, 35" 16' - - 10.08806 
So is AB 208 2.31806 

12.40612 

To AC 254.8 - - -~- - 2.40612 

As radius ....... 10.00000 

Is to tangent ofA, 35" 16' . - 9.84952 
SoisAB, 208 2.31806 

12.16758 
To BC 147.1 2.16758 

The perpendicular BC being radius. 

As tangent of C 54° 44' - . . - 10.15048 
Is to secant of C, 54 44 ... . 10.23854 
SoisAB,208 2.31806 

12.55660 
To AC 254.8 2.40612 

• 

As tangent of C, 54" 44'- - - - 10.15048 

Is to radius, ....... 10.00000 

Soi8AB208 2.31806 

12.31806 
To BC, 147.1 . , . - . . 2.16758 

2. In a right-angled triangle ABC, there.are given the 
hypothenuse AC=272, and the base AB=232 ; required 
the angles A and C, and the perpendicular fiC. 
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By Calculation. 

The hypothenuse AC being radius- 

As AC, 272 - - 2.43457 

l8toAB,232 2.36549 

So is radius ,- - 10.00000 

12^6549 

To8ineofC,58»32r - - - - 9.93092 

As radius 10.00000 

Is to sine of A, 31° 2» - - - - 9.71767 
So is AC, 272 - ------ 2.43457 

12.15224 

ToBC,142 ' - 2.15224 

The base AB being radius. 

As AB, 232 - 2.36549 

Is to AC, 272 2.43457 

So is radius 10.00000 

1243457 

To secant of A, 31* 2ff - - - - 10.06908 

As radius - - - ^ - . - 10.00000 
Is to tangent of A, 3r2»- - - 9.78675 
So is AB, 232 2.36549 

12.15224 

ToBC,142 2.15224 

6* 1 
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3. In a right-angled triangle, are given the hypothe- 
nuse AC=36.57, and the angle A=27° 46', to find the 
b^se A8, and perpendicular BC. 

Ans. Base AB=32«36, and perpendicular BC=17.04. 



4. In a right*angled triangle, there are given, the per- 
pendiculars=193.6, and the angle opposite the base 4T 
51'; required the hypothenuse and base, 

Ans. Hypothenuse=288.5, and base=213.9. 

5. Required the angles and hypothenuse of a right- 
angled triangle, the base of which is 46.72, and perpen- 
dicular 57.9. 

A^ ( Angle opposite the base 38^ 54', angle opposite 
^* ( the perpendicular 51^ 6', and hypothenuse 74.4. 

When two sides of a right-angled triaxigle are given, 
the other side may be found by the following rules, with- 
out first finding the angles. 



1. When the hypothenuse and one leg are given^ to find 

the other leg. 

BULB. 

Subtract the square of the given leg fix>m the square 
of the hypothenuse ; the square root of the remainder 
will be the leg required.* Or by logarithms thus. 

To the logarithm of the sum of the hypothenuse and 
given side, add the logarithm of their difference ; half 
this sum will be the logarithm of the leg required. 



^ DsHoiomuTioii. The sqoaie of the hypotheniue of a rightpangled tri- 
angle is equal to the aam of the squares of the sides (47.1.) Therefore the 
truth of the first part of each of the rules is evident 
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2. When the two legs are given to find tlie hypothentcse. 

RULE. 

Add together the squares of the two given legs ; the 
square root of the sum will be the hypothenuse.* Or 
by logarithms thus, 

From twice the logarithm of the perpendicular, sub 
tract the logarithm of the base, and add the correspond- 
ing natural number to the base ; then, half the sum of 
the logarithms of this sum, and of the base, will be the 
logarithm of the hypothenuse. 

BXAHPLES. 

1. The hypothenuse of a right-angled triangle is 272, 
and the base 232 ; required the perpendicular. 

CalciUation by logarithms. 

Hypothenuse - - 272 
Base .... 232 



Sum .... 504 log. 2.70243 
Difference ... 40 1.60206 



2)4.30449 



Perpendicular . - 142 2.15224 



" Put A=the hypothenuse, &=the base, and p=the per pendicalar» 

tiicn (47.1) ;i»=&*-*»=(6.2 cor.) A^TxA^ or p=yrh+Sxh^ 
ivbcnce, from the nature of logarithms, the latter part of the first rile 
m evident _ 

Alflo (47.1) N^li'+p^bxb+fL or h=^/ (bxb+^ ) 

b \ b ' 

which, solved hy logarithms, wiU corre sp opd with the latter part of Iha 
second rule. 

5 
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2. Giyen the base 186, and the perDcndicular 152, to 
find the hypothenuse. 

Ccdctilaiion by Logarithms. 



Perpendicular 152 log. 


2.18184 
2 


Base ... 186 


4.36368 

2.26951 2.26951 


124J2 


2.09417 


310.2 


log. .249164 


Hyppthenuse 240.2 


2)4.76115 
log. 2.38057 



3. The hypothenuse .being giyea equal 403, and one 
leg 321 ; required the other leg. Ans. 243.7. 

4. What is the hypothenuse of, a right-angled triangle, 
the base of which is 31.04, and perpendicular 27.2? 

Ans. 41.27. 

The following examples, m which trigonometry is ap- 
plied to the mensuration of inaccessible distances and 
heights, will serve to render the student expert in solving 
the different cases, and also to elucidate its use. 

THE APPLICATION OF PLANE TRIGONOMETRY TO THE MENSU 
RATION OF DISTANCES AND HEIGHTS. 

EXAMPLE 1, Fig. 54. 

Being on one side of a river and wanting to know the 
distance to a house on the other side, I measured 500 
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yards along the side of the riyer in a right Une AB, and 
found the tvf o 'angles* between this line and the object 
to be CAB=74^ 14', and CBA=49'"^'. Required the 
distance between each station and the object. 

Calculation. 

The sum of the angles CAB and CBA is 123^ 37, which 
subtracted from 180° leaves the angle ACB=56° 23' 
Then by Case 1 ; 

B.ACB : B.CBA : : AB : AC 
56^23' 49^23' 500 455.8 

and 

8. ACB : 8 CAB : : AB : £C 
56^23' 74M4' 500 5T7.8 

EXAMPLE 2, Fig. 55. 

Suppose I want to know the distance between two 
places A and B, accessible at both ends of the line AB, 
and that I measured AC=735 yards, and BC=:840; 
also the angle ACB=55° 40^, What is the distanc^ 
between A and B ? 

Calculation. 

The Angle ACB=:55'' 49, being subtracted from 180% 
leaves 124^ 20^; the half of which is 62^ Iff. Then by 
Cases. 



* The angles may be taken with a common tonreyor^B compass ; or more 
accnn&ely with an instniment called a theodolite. 
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CAB+CBA . CAB— CBA 
flC+AC : BC— AC : : tangent g tangent 2 

1575 105 029 l(y ?<> 12' 

CAB+CBA CAB— CBA 
To and from 2" =62° 10', add and sub. g" ^'^ 

12', and we shaU have CAB=6&o22', and CBA=54o58'. Then, 

c ABC . 8. ACB : : AC : AB 
54058' 550 40* 785 741.2 



EXAMPLE 3, Fig. 56. 

Wanting to know the distance between two inacces 
aible objects A and B, I measured a base line CD=:300 
yards : at C the angle BCD was 58^ 2(y and ACD 95** 20'; 
at D the angle CDA was 53° 30^ and CDB 98° 45'. Re- 
quired the distance AB. 

Calculation. 

1. In the triangle ACD, are given the angles ACD=95' 
20', ADC=53° 30', and the side CD=300, to find AC=:, 
465.98. 

2. In the triangle BCD, are given, the angle BCD=5. 
58° 20*, BDC=98° 45', and side CD=300, to find BC=: 
761.47. 

3. In the triangle ACB we have now given the angle 
ACB=ACD-BCD=37°, the side AC=465.98 and BC 
«=i761.47, to find AB=479.8 yards, the distance re- 
quired. 

EXAMPLE 4, Fig. 57. 

Being on one side of a river and observing three ob- 
jects, A, B and C stand on the other side, whose dis- 
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tances apart I knew to be, AB=:3 miles, AC=2, and fiC 
=1.8, 1 took^ a station D, in a straight line with the ob- 
jects A and C, being nearer the former, and found the 
angle ADB=lT 4T. Required my distance from each 
of the objects. 

Construction. 

With the three given distances, describe the triangle 
ABC; from B, draw BE parallel to CA, and draw BD 
making the angle EBD= 17° 4T (the given angle ADB) 
and meeting CA produced, in D : then AD, CD and BD 
will be the distances required.* 

Calcukuion. 

1. la the triangle ABC we have all the^ides given, to 
6nd the angle C=104° 8'. 

2. Subtract the sum of the angles D and C from 180% 
the remainder 58** 5' will be the angle DBC ; then in the 
triangle BCD we know all the angles and the side BC 
to find DC=5.002 and BD=5.715 ; therefore DA=DC 
— AC=3.002. 

EXAMPLE 5, Fig. 581 

From a station at D, I perceived three objects, A, B 
and C, whose distances from each other I knew to be as 
follow : AB=12 miles, BC=:7.2 miles, and ACz=8 miles; 
at D, I took the angle CDB=25° and ADC=19% 
Hence it is required to find my distance from each of 
the objects. 



* DmommtATioif. By oonstniction, the distances AB, BC and AC 
are equal to the given distances ; also the angle (29.1) BDC=the angle 
DB£=the given angle. 
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Conatrtictum. 

With the given distances describe the triangle AfiC ; 
at B, make the angle EBA=19**=the given angle ADC, 
and at A, make the angle EAB=25^=the given angle 
BDC ; draw AE, and BE meeting in E, and (by prob. 10,) 
describe a circle that shall pass through the points A, 
E and B : join CE and produce it to meet the circle in 
D, and join AD, BD, then will AD, CD, and BD be the 
distances required.* 

Calculation. 

1. In the triangle ABC, all the sides are given, to find 
the angle BAC=35^ 35'. 

2. In the triangle AEB, are given all the angles, viz. 
EAB=25% EBA=19%and AEB=136^ and the side 
AB=:12, to find AE=:5.624. 



* DBMONaTRATiON. The angle ADC standing on the same arc with the 
angle ABE is equal to it (21.3.) For the same reason the angle BDC 
is equal to the angle BAE; but by construction the angles ABE and BA£ 
are equal to the given angles ; therefore the angles ADC and BDC are equal 
to the given angles. 

Aote.^When the given angles ADC, BDC are respectively equal to the 
angles ABC, BAC, the point E will fiJl on the point C, the circle will pass 
through the points A, C, and B, and the point D may be any where in the 
arc ADB ; consequently, in this case, the situation of the point D, or its 
distance flrom each of the objects A, B, C, cannot be determined from the 
data given. 

It may not be improper also to observe, that even when the angle ADB, 
which is the sum of the given angles, is equal to the sum of the angles ABC, 
BAC, or which is the same thing, is the supplement of the angle ACB, the 
cbx^le passes through the points A, C, B ; bat then the angles ADC, BDC, 
unless they have been erroneously taken, will be respectively equal to the 
aogles ABC, BAC. 
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3. In the tnangle CA£ we have given the side AC=8, 
AE=5.624, and the angle CAE=BAC— EAB=10' 35' 
to find the angle ACE=22<* 41'. 

4. In the triangle DAC, all the angles are given, viz. 
. ADC= 19', ACD=22° 41' and CAD= 180'— the sum of 

the angles ADC and ACD=138' 19", and the side AC 
=8, to find AD=9.47 miles, and CD= 16.34. 

In the triangle ABD, we have the angle ADB=ADC 
+BDC=44% the angle BAD=CAD-BAC=102' 44', 
^nd the side AB=12, to find BD= 16.85 miles. 

« 

EXAMPLE 6, Fig. 59. 

* 

A person having a triangular field, the sides of wliich 
measure AB=50 peaches, AC=46 perches, and BG=40 
perches, wishes to have a well dug in it, that shall be 
equally distant from the comers A, B, and 'C. What 
must be its distance firom each comer, and by what angle 
from the comer A, may its place be found ? 

Constmction. 

With the given sides constract the triangle ABC, and 
(by Prob. 10.) describe a circle that shall pass through 
the points A, B, and C ; then the centre E of this circle 
is the required place of the well.* 

Calculation. 

« 

1. In the triangle ABC, all the sides are given, to find 
the angle ABG=60^ 16'. 

2. Join CE and produce it to meet the circumference 
in D : also ioin AEand AD : then the an^rles ADC ABC 



* Th« demonstntioii of this is plain (1.3 cor.) 

K 
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being angles in the same segment, are equal ; also the 
angle DAC being an angle in a semicircle, is a right an- 
gle : therefore in the right-angled triangle DAC, we have 
the angle ADC=ABC=60° 16', and the side AC, to find 
CD=52.98 perches. The half of CD is=26.49 perches 
==CE=:the distance of the well from each comer. 

3. The angle ACD=:90^—ADC=29° 44'; but because 
AEC is an isosceles triangle, the angle CAE= ACE=29* 

44' the angle required. 

EXAMPLE 7, Fig. 61. 

Wishing to know the height of a steeple situated on 
a horizontal plane, I measured 100 feet in a right Kne 
from its base, and then took the angle of elevation* of 
tlie top, which I found to be 4V 30' the centre of the 
quadrant being 5 feet above the ground : required the 
height of the steeple. 



* Angles of elevation, or of depression, are usually taken with an instru- 
ment called a quadrant, the arc of which is divided into 90 equal parts or de- 
grees, and those, when the instrument is sufficiently largo may be subdivi- 
ded into halves, quarters, &c. From itk centre a plummet is suspended by 
a fine silk thread. Fig. 60, ib a representation of this instrument 

To take an angle of elevation, hold the quadrant in a vertical position, 
and the degrees being numbered from B towards C, with the eye at C, look 
along the side CA, moving the quadrant till the top of the object is seen in a 
range with this side ; then the angle BAD made by the plummet with the 
side BA, will be the angle of elevation required. 

Angles of depression are taken in the same manner, except that then the 
eye is applied to the centre of the quadrant 

Note, — ^In finding the height of an object, it is best to take such/a poritkm 
that the observed angle of altitude may be about 45^ ; for when the observed 
angle is 45^, a small error committed in taking it, makes the least error in 
the computed height of the object 
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CalaJcUian. 

In the right an^ed triangle TfECj we have the an- 
gle CDE=4r 3ff, and the base DE=AB=100 feet to 
find CE= 109.13 feet ; to CE add EB=DA=5 feet, the 
height of the quadrant, and it wi}l give BC= 114.13 feet, 
the required height of the steeple. 

EXAMPLB 8, Fig. 62. 

Wishing to know the height of a tree situated in a 
bog, at a station D, which appeared to be on a level 
with the bottom of the tree, I took the angle of eleva- 
tion BDCzztSI"* 30'; I then measured DA- 75 feet in a 
direct Une from the tree, and %t A, took Jbe angle of 
elevation BAC=26^ 30'. Required the height of the 
tree. 

CalctdcUiaiu 

1. Because the exterior angle of a triangle is equal to 
the sum of the two interior and opposite ones, the angle 
BDC=DAC+ ACD; therefore ACD=BDC-DAC=25^: 
now in the triangle ADC we have DAC=26*' 30', ACD 
=25°, and AD=75, to find DC=79.18. 

2. In the right angled triangle DBC are given DCs 
79.18, and the-angle BDC=:51° 30' to find BC=61.97 
feet, the required height of the tree. 

BXAMFLE 9, Fig. 63. 

Wanting to know the height of a tower EC, whidi 
stood upon a hill, at A, I took the angle of elevation 
CAB=44'^; I then measured AD 134 yards, on level 
ground in a straight line towards the tower; at D the 
angle CDB was 67° 50' and EDB 51°. Required the 
height of the tower and also of the hill. 
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CeJcuhtion. 

1. In the triangle ADC we have the angle DAC=44\ 
the angle ACD=BDC-DAC=23° 50', and the side AD, 
to find DC=230.4. 

2. In the triangle IfBC all the angles are given, viz. 
CDE=BDC-PDE=16°50',DCE=90''-BDa=22°10', 
DECzzrlSC^the sum of the angles CDE and DCE,= 
141% and CD=230.4, to find CE= 106 yards, the height 
of the tower. 

3. In the right-angled triangle DBC, we have the an- 
gle BDG=67^ 5(y, and Jiie side DC=230.4, to find BG= 
213.4 J then BE=BC-CE=213.4- 106=107.4 yards, 
the height of the hiD. 

EXAMPLE 10, Fig. 64. 

An obeUsk AD standing on the top of a declivity, I 
measured from its bottom a distance AB=40 feet, and 
then took the angle ABI>=41°; going on in the same di- 
rection 60 feet farther to C, I took the angle ACI>=23^ 
45': what was the height of the obelisk ? 

Cakiilation. 

L In the triangle BCD, we have given the angle BCD, 
=23^ 45', the angle BDG=ABp-BCD=ir 15', and 
side BC=60, to find BDb=81.49. 

2. In the triangle ABD are given the side AB=40, 
BI>=81.49, and the angle ABD=41% to find AI>=57.64 
feet, the height of the obelisk. 
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» 

EXAUPLB 11, Fig. 6$. 

Wanting to know the height of an object on the 
other side of a river, but which appeared to be on a 
level with the place where I stood, close by the side of 
the river ; and not having room to go backward on the 
same plane, on account of the immediate rise of the 
bank, I placed a mark where I stood, and measured in 
a direct line from the object, up the hiJl, whose ascent 
was so regular that I might account it a right line, to 
the distance of 132 yards, where I perceived that I was 
above the level of the top of the object; I there 
took the angle of depression of the mark by the nver's 
side equal 42% of the bottom of the object equal 27'^, 
and of its top equal 19^: required the height of the 
object 

Calculatian. 

1 . In the triangle ACD, are given the angle C ADas 
EDA=27% AC1>=180^-CDE (FCD>=138^ and the 
side CI>=132, to find AI>=194.55 yards. 

2. In the triangle ADD, we have given ADB=ADE— 
BDE=8% ABI>=BED+BDE=109^ and AD=194.55, 
to find AB= 28.64 yards, the required height of the object. 

EXAMPLE 12, Fig. 66. 

A May-pole whose height was 100 feet standing on a 
horizontal plane, was broken by a blast of wind, and the 
extremity of the top part struck the ground at the dis- 
tance of 34 feet from the bottom of the pole : 
the length of each part. 
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M 



Construdianm 



Draw AB=34, and perpendicular to it, make BC=: 
100 ; join AC and bisect it in D, and draw DE perpendi- 
cular to AC, meeting BC in £ ; tlien AE=CE= the part 
broken off.* 

Calculatioru 

1. In the right-angled triangle ABC, we have AB=34 
and BC=106, to find the angle C=18^ 47. 

2. In the right-angled triangle ABE, we have AEB— 
ACE+CAE=2ACE=37^ 34', and AB=34, to find AE 
-=55.77 feet, one of the parts; and 100—55.77-44.23 
feet the other part. 

PRACTICAL QUESTIONS. 

1. At 85 feet distance from the bottom of a tower, the 
angle of its elevation was found to be 52° 30^: required 
the altitude of the tower. Ans. 110.8 feet. 

2. To find the distance of an inaccessible object, I 
measured a line of 73 yards, and at each end of it took 



* DKMomTRATiON. In the triangles AED, DEC, the angle ADE=CDE, 
.the side AD=:CD, and DE is common to the two triangles, therefore (4.1) 
AE=CE. 

JVoee. — This qnestion may be neatly solved in the following man* 
ner without finding either of the angles. Thus, draw DF perpendi- 
cular to BC, then (31.3 and cor. 8.6) FC : DC : : DC : CE ; conee- 

/ ^ ^^^ V * ^.^.^ AC« AB»+BCt ^ ^ ,^ 
quently CE=j^ ; but IX7=— j-= j ^ and PC=iBC ; there- 

AB«+BC« 34^+100« 1156+10000 11166 „^ . 

fi>w CE=-2gc ="558 = 200 =—200—^^ ""* 

same as before nearly. 
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the angle of position of the object and the other end, and 
found tlie one to be 90% and the other 61^ 45': reqtdred 
the distance of the object from each station. Ans. 135.9 
yards from one, and 154.2 from the other. 

3. Wishing to know the distance between two trees 
C and D, standing in a bog, I measured a base hne AB=» 
339 feet ; at A the angle BAD was 100^ and BAG 36** 30'; 
at B the angle ABC was 121^ and ABD49°: required the 
distance between the trees. Ans. 697i feet. 

4. Observing three steeples. A, B and C, in a town at a 
distance, whose distances asunder are known to be as 
follows, viz. AB=213, AC=404, and BC=262 yards, 1 
took their angles of position from the place D where I 
stood, which was nearest the steeple B, and found the 
angle ADB=13° 30*; and the angle BDC=29^ 50'. Re- 
quired my distance from each of the three steeples. Ans. 
AD=571 yards, BD=389 yards, and CD=514 yards. 

5. A May-pole, whose top was broken off by a blast 
of wind, struck the ground at 15 feet distance from the 
foot of the pole : what was the height of the whole May- 
pole, supposing the length of the broken piece to be 39 
feet ? Ans. 75 feet. 

6. At a certain place the angle of elevation of an m^ 
accessible tower was' 26° 30'; but measuring 75 feet in 
a direct line towards it, the angle was then found to be 
5V 3(f: required the height of the tower and its distance 
from the last station. Ans. Height 62 feet^ distance 
49. 

7. From the top of a tower by the sea side, of 143 feet 
high, I observed that the angle of depression of a ship's 
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bott<Hn, then at anchor, was 35° ; what was its distance 
firom the bottom of the wall ? Ans. 204.2 feet 

8. There are two columns left standing upright in the 
ruins of Persepolis ; the one is 64 feet above the plane, 
and the other 50 ; in a right line between these stands 
an ancient statue, the head of which is 97 feet from the 
summit of the higher, and 86 from that of the lower 
column; and the distance between the lower column 
and the centre of the statue's base is 76 feet : required 
the distance between the tops of the columns. 

Ans. 157 feet. 



SURVEYING. 



CHAPTER L 

ON THE DIMENSIONS OF A SURVEY. 

1. SuRYETiNG is tfao art of measuring, laying out and 
dividing land. 

2. A Fouf'Pole Chain is an instrument used for mea* 
soring the boundaries of a survey. It is, as its name im- 
ports, 4 poles or 66 feet in length, and is divided into 100 
equal parts or links. The length of a link is therefore 
7.92 inches. 

Note. — ^A Four-pole Cham is frequently called simply 
a chain. 

3. A Hoo-poh Chain is 2f poles or 33 feet in length, 
and is usually divided into 50 equal parts or links. 
When it is thus divided, the links are of the same length 
as in a four-pole chain ; and the measures taken with 
it are reduced to four-pol^ chains previous to using them 
in calculation. 

Sometimes the two-pole chain is divided into 40 links ; 

in which case, each two links fa the one-tenth of a perch. 

Measures taken with a two-pole chain, thus divided, are 

usually expressed in perches and tenths. 

L 81 
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4. The Distance of a line in surveying, is its length, 
estimated in a horizontal direction. It is generally ex- 
pressed either in chains and links, or in perches and 
tenths. 



5. A Meridian or Meridian Line is any line that runs 
due north or south. / 

* 

Note. — ^AU the meridians passing through any survey 
of moderate extent may be considered as straight hues, 
parallel to one another."* 

6. The Bearing or Course of a line, is the angle which 
it makes, with a meridian passing through one end ; and 
it is reckoned from the North or South Points of the 
horizon towards the East or West Points. 

Thus, supposing the line NS, Fig. 77, to be a meridian, 
and the angle SAB to be 50"*; then the bearing of AB 
from the point A, is 50^ to the east of south ; which is 
usually expressed thus : S^ SO'' E., and read, south, fifty 
degrees east. 

7. The Reverse Bearing of a line is the bearing taken 
from the other end of the line. 

Note. — ^The bearing and the reverse bearing of a line, 
are angles of the same magnitude,t but lying between 



* The meridians are, in reality, curve lines which "tneet in the north and 
Boath poles of the earth. No two of them are therefore exactly parallel; 
bat in usual surveys their deviation from parallelism is so very small, that 
there is no sensible error in considering them so. 

t As the meridians are not exactly parallel, this is not strictly true, except 
in a few cases; but the diftrence IS too small to be observed in practice. I« 
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directly of^posite points. Thus, if the bearing of AB, 

fifom the end A, is S. 50*^ £., the bearing of the same line 

from the end B, is N. 50"" W. 

* 

8. A Circumferentor or Surveyor's Compass^ is an in- 
strument used to take the bearings of lines. 

The circumference of its face is divided into degrees, 
and in some of the larger ones into half degrees, m such 
manner that two opposite points may be exactly in the 
direction of the sights with which the instrument is fur- 
nished. These points are the north and south points of 
the instrument. Midway between them, on the circum- 
ference, are the east and west points. The degrees are 
numbered from 0** to 90% each way from the north and 
south points to the east and west ones. In the centre 
of the face is a pin, finely pointed, which supports a 
Magnetic Needle, moving freely within the instrument 
The instrument, when used, is placed on a staff, having 
a pointed iron at the bottom, and a ball and socket at 
the top. 

The Chain and Compass are the instruments with 
wlmh the dimensions of surveys in this country are 
generally taken. It is important to have them accurately 
made. In the selection of a compass, particular atten- 
tion should be directed to the settling of the needle. If, 
when the needle has been moved out of its natural posi- 
tion, it settles very soon, it is defective ; either its mag- 
netic virtue is weak, or it does not move with sufficient 
freedom on the pin. 

9. The Difference of Latihide^ or the Northing or 



the latitade of Philadelphia the greatest difference between the bearing and 
reverse bearing of a line, a mile in length, ia only 44". In higher latitudes 
the difierencd ift greatei^. 

6 
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Southing of a line, is the distance that one end is further 
north or south than the other end ; or it is the distance 
which is intercepted on a meridian passing through one 
end, between this end and a perpendicular to the meri- 
dian, from the other end. 

Thus, if NS, Fig. 77, be a meridian passing through 
the end A, of the Une AB, and B6 be perpendicular to 
NS, then is A6 the difference of latitude or southing of 
AB. 

10. The Departure or the Easting or Westing of a line 
is the distance that one end is further east on west than 
the other end ; or it is the distance from one end, perpen- 
dicular to a meridian passing through the other end. 

Thus B6, Fig. 77, is the departure or easting of the 
line AB. 

But if ns be a meridian, and AC perpendicular to it, 
and if the bearing of the line be taken from B to A, then 
is BC the difference of latitude or northing, and AC the 
departure or westing, of the line AB. 

Note. — It is evident from the definitions, that the Dis- 
tance, Difference of Latitude, and the Departure form the 
sides of a right-angled triangle ; in which, considering 
the departure as the base, the perpendicular is the differ- 
ence of latitude, the hypothenuse is the distance, and the 
angle at the perpendicular is the bearing. 

11. The Meridian Distance of any station, is its dis 
tance from a meridian passing through the first station 
of the surrey, or any other assumed point. 

12. The Traverse Table^ is a table containing the dif- 
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ferences of latitude and the departures, computed to dif- 
ferent courses and distances. 

13. The Area or Content of a tract of land is the hori- 
zontal surface included within its boundaries, expressed 
in known measures, as Acres, Roods, and Perches. 

• 

14. In going round a tract of land and returning to 
tlie place of beginning, it is evident that tlie whole 
northing which has been made, must be equal to tlie 
southing, and the easting to the westing ; or in other 
words, that the sum of all the northings must be equal 
to that of tlie southings, and the sum of the eastings,- to 
that of the westings. 

This principle enables us to judge oUthe accuracy of 
a survey, when the bearings and distances of aU the sides 
have been taken. If the sums of the computed north- 
ings and southings are equal, and also those of the east- 
ings and westings ; or, if, though not exactly equal, they 
are very nearly so, we may conclude that the survey has 
been correctly made ; as very small differences in these 
sums may be imputed to little, unavoidable errors in 
taking the bearings and measuring the distances. But 
when the sum of the northings differs considerably from 
that of the southings, or that of the eastings from that 
of the westings, we must infer that an error has been 
made, too great to be admitted. In this case a re-sur- 
vey should be taken. 

It is a rule with some of our best practical surveyors, 
that when the difference between the sums of the north- 
ings and southings, called the error in latitude^ or that 
lietween the sums of the eastings and westings, caUed 
the error in departure, exceeds one luik for every five 
chains in tlie sum of the distances, a re-survey ought to 
be made. 
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When the errors in latitude and departure fall within 
the limits just mentioned, they should be properly appor- 
tioned among the several latitudes* and departures ; we 
shall thus obtain what are called the corrected latitudes 
and departures. The method of doing this will be given 
m one of the following problems. 

« 

PROBLEM I. 

To reduce two-pole chains and links to four-pole chains 

and links. 

RULE. 

t 

1. If the number of chains is even^ divide it by 2, and 
to the quotient annex the given number of links. 

• 

2. If the number of chains is odd, divide by 2 as be- 
fore, for the chains ; and for the 1 that is oii^ add 50 to 
the given number of links. 

EXAMPLES. 

1. In 16 two-pole chains and 37 Unks, how many four- 
pole chains and links ? Ans. 8 ch. 37 links, or 8.37 ch. 

2. How many four-pole chains and links are there in 
17 two-pole chains and 42 links ? Ans. 8.92 ch. 

3. How many four-pole chains and links are there in 
22 two-pole chains and 7 Unks ? Ans. 11.07 ch. 



* In OTder to concisenesB of ezprcflnon, difierenoe of Utitade is fire q aeBt i y 
ealled Bimply, latitude. 
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/ 

PROBLEM n. 

To reduce tto(hpole chains and links to perches and 

hundredths of a perch. 



EULE. 

Multiply the links by 4, for the hundredths, and the 

chains by 2, for the perches. If the hundredths exceed 

100, set down the excess, and add 1 to the perches. 
I 

Note. — ^This rule supposes the two-pole chain to be di- 
vided into 50 links. 



EXAMPLES. 

1. Reduce 17 two-pole chains and 21 links to perches 
and hundredths. Ans. 34.84 per. 

2. Reduce 15 two-pole chains and 38 links to perches 
and hundredths. Ans. 31.52 per. 

3. Reduce 57 two-pole chains and- 49 links to perches 
and hundredths. Arts. * 1 1 5.96 per. ' 

PROBLEM m. 

To redtice square four-pole chains to acres. 

RULE. 

Divide by 10, and the quotient will be tlie acres. If 
there is a decimal in the quotient, multiply it by 4, for 
the roods; and the detimal of these by 40, for the 
perches. 
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EXAMPLES. 



1. Reduce 523.2791 square chains to acres. 

10)523.2791 

52.32791 
4 



1.31164 
40 



12.46560 Ans, 52 ac. 1 r. 12 p. 

2. Reduce 41.9682 square chains to acres. 

Ans. 4 ac. r. 31 p. 

3. Reduce 132.925 square chains to acres. 

Ans. 13 ac. 1 r. 6.8 p. 

PROBLEM IV. 

To reduce acres^ roods and perches to square chains. 

RULE. 

Divide the perches by 40 and prefix the roods ; divide 
the result by 4 and prefix the apres ; then this latter re- 
sult, multipUed by 10, will give the square chains. 

Or reduce the given quantit j to perches and divide 
by 16. 

EXAMPLES. 

1. Reduce 13 ac. 1 r. \0p. to square chains. 

40)10 

4)1.25, 

13.3125 ^=133.125 sq, eh. 



CBAP. L J mMBNSlONB OF A SDRTBT^ 89 

2. Reduce 127 ac. 3r. 2Sp. to square chains. 

Ans. 1278.9375 sq. ch. 

3. Reduce 35 ac. Or. 20 p. to square chains. 

Ans. 351.25 sq. ch 

PROBLEM V. 

To find the bearing of a line. 

1. Let a stake of six or eight feet in length be set up 
perpendicularly, at the far end of the line. Set up the 
compass staff perpendicularly, at the begimiing of the 
hne, and placing the compass on the staff, adjust it to 
a horizontal position ; the ball and socket admitting a 
motion for that purpose. This position can be deter- 
mined with sufficient accuracy, by observing whether, 
when the compass is turned round, the ends of the 
needle remain at the same height above the face of the 
instrument. 

2. Turn the compass round so as to bring the south 
end of it towards the stake at the far end of the line. 
Then applying the eye to the sight at the north end, 
move the compass gently round till the stake can be 
seen through the fine slits in botli sights, and let it re- 
main in this position. 

3. When the needle has settled, observe the number 
of degrees and parts of a degree, that are intercepted 
between the south end of the needle and the north or 
south point of the compass, to whichever it is nearest ; 
which will be the bearing, reckoning it from that point, 
towards the east if the south end of the needle is to the 
right hand, but towards the west if it is to the lefl hand. 

Note 1. — ^The bearing thus obtained may be, and 
should be, verified by going to the far end of the ime, 
8* M 
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and from thence taking the bearing to the first «nd , 
which, if both bearings are correct will be the reverse 
of the former. 

Note 2. — ^When there is a fence on the side, or othei 
obstacle in the way, preventing the stake at one end 
from being seen through the compass sights at the other 
end, the bearing may be obtained by setting up the 
compass and stake at small equcJ distances to the right 
or left, so that the Une joining them may be paraUel to 
the side. 

Note 3.— The method of obtaining the bearing between 
two stations when there are obstacles in the way, which 
also prevent a parallel bearing being readily taken, or 
when the stations are too distant to be seen from eiich 
other, will be noticed in the next chapter. 

PROBLEM VI. 

To measure the distance of a line. 

For convenience in marking the termination of the 
C^ain in measuring, ten iron pins should be provided, 
about a foot in length, and terminated at top by a small 
ring, to which a piece of red flannel or other conspicu- 
ous substance should be tied, in order that the pins may 
be readily found, when set up among high grass or in 
other situations where they would not otherwise be 
easily discovered. 

Let the person who is to go foremost in carrying the 
chain, take nine of the pins in his left hand, and one end 
of the chain and the other pin in his right hand ; then he 
moving on in the direction of the line, let another person 
take the other end of the cham and hold it at the begin- 
ning of the Une. When the leader has moved on till the 
chain is stretched tight, he must set down the pin, per- 
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peodicularly, exactly ftt the rad of the chain, the hinder 
chain-man taking care that the chain is in the direetian 
of the Une ; which is readily determined by observing 
whether it is in a range with a stake previously set up 
at die far end of the Une. When the leader had not his 
end of the chain in the direction of the line, the hinder 
chain-man can direct him which way to move, by a mo- 
tion of his lefl hand. When the distance of one chain 
or half chain* has been thus determined, the carriers, 
taking hold of the two ends of the chain, move on till 
the hinder one comes to the pin which was set up by the 
other ; then the chain being stretched, the person at the 
fore end of it sets up another pin as before ; the hinder 
chain-man then taking up the pin at his end, they proceed 
to a third distance of the chain ; and so on.^ When the 
[)erson at the fore end of the chain has set up all his 
pins, he still moves on another length of the chain, 
and then setting his foot on it to keep it in place, he 
cries '< out.*^ The hinder chain man then comes fonmrd, 
and counts to him the ten pins ; and he setting up one 
of tliem at the end of tlie chain, again moves on, drag- 
ging the chain after him, till he is checked by the hinder 
chain-man, who, getting the hind end of the chain, appUes 
it as before to the pin set up. The number of outs 
should be carefully noticed ; each oui being te^ chains, 
when a four-pole chain is used, but only five, when the 
measuring is done, with a two-polp chain. When arri- 
ved at the end of the line, the number of pins, which the 
one at the fore end of tl^ chain has set up since the I9M 
oui^ and the number of links from the last pin to the end 
of the line, must be carefully noted. From these, and 



* When a two-pole chain is oscdy one Icn^ of it may piopcrly bo called 
• !«alf chain. 
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the number of outSj the distance measured is readil}* 
determined. 

All slant or inclined surfaces, as the sides of a liiU, 
should be measured horizontally, and not on tlie plane or 
surface of the hill. To effect this, the hind end of the 
chain, in ascending a hill, should be raised from the 
ground till it is on ^ level with the fore end, and, by 
means of a plummet and line, or when the hill is not very 
steep, by estimation, should be held perpendicularly above 
the termination of the preceding chain. In descending 
a hill, the fore end of the chain should be raised in the 
same manner, and the plummet being suspended from it 
will show the commencement of the succeeding chain. 

PROBLEM Vn. 

To protract a Survey, having the bearings and distances 

of the sides given. 

The method of doing this wiU be best understood by 
an example. Thus, 

Suppose the foUowing field-notes to be given, it is re 

quired to protract the survey. 

Ch. 

l.N. 50^ E. 9.60 

p 2. S. 32^ E. 16.38 

3. S. 4r W. 6.30 

4. West 8.43 

5. N. 79' W. 10.92 

6. N. 5' K 1U25 

7. S. 83' E. 6.48 ' 

Method 1st. 

Draw NS, Fig. 75, to represent a meridian line; then 
N standing for the north and S for the south, the cast 
will be to the right hand and the west to the left. In 
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NS take any convenient point as A for the place of be- 
ginning, and apply the straight edge of the protractor 
to the lihe, with the centre to the point A, and tlie arch 
turned towards the east, because the first bearing is 
easterly ; then holding the protractor in this position, 
prick off 50'' the first bearing, firom the north cjid, be- 
cause the bearing is from the north ; through this point 
and the point A, draw the line AB on which lay 9.60 
chains, the first distance from A to B. Now apply the 
centre of the protractor to the point B, with the arch 
turned toward the east, because the second bearing is 
easterly, and move it till the lin^ AB produced, cuts the 
first bearing 50°; the straight edge of the protractor will 
then be parallel to the meridian NS ; hold it in this po- 
sition, and from the south end prick off the second bear- 
ing 32°; draw BC and on it lay the second distance 
16.38 chains. Proceed in the same manner at each 
station, observing always, previous to pricking off the 
succeeding bearing, to have the arch of the protractor 
turned easterly or westerly according to that bearing, 
and to have its straight edge parallel to the meridian ; 
this last may always be done by applying the centre to 
the station point, and making the preceding distance lijie 
produced if necessary, cut the degrees of the preceding 
bearing. It may also be done by drawing a straight 
Une through each station, parallel to the first meri- 
dian. 

Whett the survey is correct, and the pyotraction accu- 
rately performed, the end of the last distance will fall on 
the place of beginning. 

Method 2nd. 

With the chord of 60° describe the circle NESW, Fig. 
76, and draw the diameter NS. Take the several bear* 
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iDgs firom the line of chords, and lay them o£f on the cir- 
ciunference from N or S according as the bearing is 
northerly or southerly, and towards E or W according 
as it is easterly or westerly, and number them 1, 2, 3, 4, 
&c. as in the figure. From A the centre of the circle, to 1 
draw A 1, on which lay the first distance from A to B ; 
parallel to A 2 draw BC, on which lay the second dis- 
tance from B to C : parallel to A 3 draw CD, on which 
by the third distance from C to D ; proceed in the same 
manner with the other bearings and distances. 

BXAMPI^B 2. 

The following field notes are given, to protract the 
iiurvey, 

Ch. 

1. N. 15° (Xy E. 20 

2. N. 3T 30' E. 10 

3. East 7.50 

4. S. iroC E. 12.50 

5. South 13.50 

6. West 10. 

7. S. 36° 30 W. 10. 

• 8. N.SSnS'W. 8.50 

PROBLEM Vra. 

The bearing of two lines from the same station being given, 
to find the angle contained between them* 

* RULE. 

When they run from the same point of the compass, 
towards the same point, subtract the less from the 
greater. 

When they run fix>m the same point, towards different 
points, add them together. 
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When they run from different points, towards the 
9ame point, add them together, and take the supplement 
of die sum. 

When they run from different points, towards different 
points, subtract the less from the greater, and take the 
siyjplement of the remainder. 

Note. — ^When the bearing of one of the lines is given 
tcwards the station, instead of from it, take the reverse 
bearing of such line ; the angle may then be found by 
the above rule. 



EXAMPLES. 

1. Given the bearing of the line AB, Fig, 67, N. 34* 
EL, and AD, N. 58"" £• ; required the angle A. 

AD, N. 58' £• 
AB, N. 34' E. 



Angle A=24' 

2. Given the bearing of BA, Fig. 57, S. 34' W., and 
BC, S. 35' E. ; required the angle B. Ans. B=69' 

3. Given the bearing of BC, Fig. 67, S. 35' E., and 
CD, S. Sr W.; required the angle C. Ans. 58'. 

4. Given the bearing of DC, Fig. 67, N. ST EL, and 
DA, S. 58° W. J required the angle D. Ans. 151° 
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PROBLEM IX. 

To change the bearings of the sides of a survey in a cor- 
responding manner, so thai any particular one of them 
may become a Meridian. 

RtJLE. 

Subtract the bearing of the side that is to be made a 
meridian, from those bearings that are between the sam£ 
points that it is, and also from those that are between 
points directly opposite to them. If it is greater than 
either of the bearings from which it is to be subtracted, 
take the difference, and changQ^E. to W,, or W, to E. 

Add the bearing of the side which is to be made a 
meridian, to those bearings which are neither between 
the same points that it is, nor between the points that 
are directly opposite to them. If either of the sums ex- 
ceeds 90% take the supplement and change N. to S., or 
S. to N.* 

Note. — ^When the bearings of some, or all, of the sides 
of a survey have been thus changed, and by calculation 
the changed bearing of another side or line has been 

* The changing of the bearings so as to make a given side become a me- 
ridian, may be illustrated by means of a protracted survey. If a protracted 
survey or plot is held horizontally, with the meridian in a north and south di- 
rection, the north end being towards the north, the bearings of the sides of 
the plot will then correspond with the bearings of the sides of the survey. If 
then, keeping the paper horizontal, it be turned round till any particular side 
of the plot has a north and south direction, or becomes a meridian, the bear- 
ings of all. the other sides of the plot will have been changed by a like quan- 
tity. But it is evident, that neither the relation of the different parts of the 
plot to one another, the area nor the lengths of the sides will have been 
altered by this change. It may be here observed, that some calculations in 
surveying are considerably shortened by changing the bearmgs so as to make 
a certain side become a meridian. The method was communicated to me 
by Robert Patterwn, late Professor of Mathematics and Natural Pkilosopk^ 
in the University of Pennsylvania, 
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found, its true beaiing will be obtained by applying to 
the changed bearing, the bearing of the side which was 
made a meridian, in a contrary manner to what is di- 
rected in the rule ; that is, by adding in the case in which 
the rule directs to subtract, and by subtracting in the 
case in which it directs to add. 

EXAMPLES. 

1. Given the bearings of the sides of a survey as fol- 
Jow ; Ist. S. 45^" W. ; 2d. N. 50° W. , 3d. North ; 4th. 
N. 85° E. ; 5th.'S. 47° R ; 6th. S. 2(H° W. j and 7th, N. 
blk" W. Required the changed bearings, so that the 
jth side may be a meridian. 

Ist. S. 45i° W. 

47 

92i 
180 



chang. bear. N. 87*°. W 

2d. N. 50° W. 

47 



chang. bear. N. 3° W. 

3d N. 0° E. 

47 



hang. bear. N. 47 E. 

4th. N. 85° E. 

47 



132 
180 



chang. bear. S. 48 E. 

N 
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Stfa. side, changed bearing, South. 

6th. S. 204' W. 
47 



chang. bear. S. 67i 

7th. N. 5r W. 

47 



chang bear. N. A\ W. • 

2. Given the following bearings of the sides of a sur- 
-vey J 1st. S. 40i° R ; 2d. N. 54° R ; 3d. N. 29i° E.; 4th. 
N. 281° R ,• 5th. N. 57° W. ; and 6th. S. 4r W. ; to find 
the changed bearings so that the 2d. side may be a me' 
ridian. Am. 1st. N. 854° R; 2d. North; 3d. N. 241° W. , 
4th. N. 254° W. ; 5th. S. 69° W. ; 6th. S. 7° R 

3. Given the bearings as in the 1st. example ; viz. 1st. 
S.454°W.; 2d.N.50°W.; 3d. North; 4th.N.85°R; 
5th. S. 4r R ; 6th. S. 204° W ; 7th. N. 514° W. ; to find 
the changed bearings so that the 6th side may be a. me- 
ridian, ^s. lst.S.25°W.; 2d.N.704°W.; 3d. N. 
204° W. ; 4th N. 644° R ; 5th. S. 674° R ; 6th. South ; 
7th. N. 711° W. 

PROBLEM X. 

Of the hearing., Distance, Difference of Latitude and De- 
parture, any two being given, to find the other two. 

RUI.E. 

« 

When the hearing and distance are given. 

As Rad. : cos. of bearing : : distance : dif. of latitude. 
jRad. : sin. of bearing : : distance : departure. 
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When the bearing and difference o^ latitude are given. 

As Rad. : sec. of bearing : : diff. laU : distance. 
Rad. : tang, of bearing : : diff. lat. : departure. 

m 

When the bearing and departure are given. 

As Rad. : cosec. of bearing : : (feparture : distance. 
Rad. : cotang. of bearing : : departure : diff. lat. 

When the difference of latitude and the departure are given. 

As diff. lat. : departure : : rad. : tang, of bearing. 
Rad. : sec. of bearing : : diff. lat. : distance. 

When the distance and difference oflaltitude are given. 

As Diff. lat. : distance : : rad. : sec. of bearing. 
Rad. : tang, of bearing : : diff. lat. : departure. 

When the distance and departure are given. 

As Distance : departure : : rod. : sin. of bearing. 
Rad. : cos. of bearing : : distance : diff. lat 

Noie. — ^It is evident the above proportions are the solu- 
tions of a right-angled triangle, having for its sides the 
distance, difference of latitude, and departure. 



EXAMPLES. 

1. Given the bearing of a line, N. b^ 20' R, distance 
13.25 ch. ; to find the difference of latitude and the de- 
parture. Ans. Diff. lat. 7.91 N. : dep. 10.63 £. 

7 
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2. Given the bearing of a line, S. 32'' 30' K, and the 
departure 10.96 ch. to find the distance and difference 
of latitude. Ans. Dist. 20.40 ch. ; diff. lat. 17.20 S, 

3. Given the distance of a line, running between the 
north and east, 44 ch. and its difference of latitude 34.43 
ch. ; to find the bearing and departure. 

Ans. Bearing, N. 38** 30' E. ; dep. 27.39 ch. EL 

4. The bearing of a line S. 32^ 30^ E., and the differ- 
ence of latitude 17.21 ch. being given, to find the dis- 
tance and departure. Ans. Dist. 20.41 ch.; dep. 10.96 E. 

5. Given the difference of latitude of a Une 27.92 N., 
and^ the departure 5.32 R ; to find the bearing and dis- 
tance. * Ans. Bearing, N. lOMT E.; dist. 28.42. 

6. The distance of a line, running between the north 
and west, is 35.35 ch., and its departure 15.08 ch., re- 
quired the bearing and difference of latitude. 

Ans. Bearing N. 25° 15' W. ; diff. lat, 31.97 N. 

PROBLEM XI. 

To find the difference of laiitude and departure correspond' 
ing to any given bearing and distance^ by means of the 
Traverse Table. 

BULB. 

When the distance is any number of whole chains or 

perches^ not exceeding 100. 

Find the given bearing at the top or bottom of the table, 
according as it is less or more than 45^ Then against 
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the given distance, found in the column of distances at 
the side of the table, and under or over the given bearing, 
is the difference of latitude and departure ; which must 
be taken as marked at the top of the table, when the 
bearing is at the top; but as marked at the bottom, 
when the bearing is at the bottom. 

When the distance is a number of whole chains or perclies^ 

exceeding 100. 

Separate the distance into parts that shall not exceed 
] 00 each ; and find, as before, the difference of latitude 
and departure, corresponding to the given bearing and 
to each of those parts ; the sums of these will be the dif- 
ference of latitude and departure required. 

When the distance is expressed by chains or perches and 

the decimal of a chain or perch. 

Find, as above, the difference of latitude and departure 
corresponding to the given bearing and to the whole 
chain or perches. Then considering the decimal part 
as a whole number, find the difference of latitude and de- 
parture corresponding to it, and remove the decimal 
point in each of them, two figures to the left hand if there 
are two decimal figures in the distance, or one figure to 
the left if there is but one ; then these added to the 
former will give the difference of latitude and departure 
required. 

Note. When the number of whole chains or perches 

is less than 10, and the second decimal figure is a cipher, 

the difference of latitude and departure may be taken 

out at once, by considering the mixed number, rejecting 
9* 
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the cipher, as a whole number. The difference of lati- 
tude and departure thus found, must have the decimal 
point in each, removed one figure to the left hand. 



EXABn>LBS. 

1. Given the bearing of a line S. 35i° E., dist. 79 ch. ; 
required the difference of latitude and departure by the 
traverse table. Ans. Diff. lat. 64.51 S. ; dep. 45.59 K 

2. A line bears N. 2(H° E., 117 ch. ; required the dif- 
ference of latitude and the departure. 

Dist 100, gives diff. lat. 93.67 and dep. 35.02 
17 15.92 5.95 



Whole dist. 117 diff. lat. 109.59 N. dep. 40.97 E. 

3. Required the difference of latitude and the de* 
parture of a line which bears, S. 411° W., 57.36 ch. 

Dist 57.00 giyes diff. lat. 42.53 and dep. 37.96 
36 .27 .24 



Whole dist 57.36 diff. lat 42.80 S. dep. 38.20 W. 

4. Required the difference of latitude and departure 
of a line which bears, N. 72° W., 124.37 ch. 

Dist 100.0 gives diff. lat 30.90 and dep. 95.11 

24.00 7.42 22.83 

.37 .11 .35 



Whole dist 124.37 diff. lat 38.43 N. dep. 118J29 W. 
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5. Given the bearing and distance of a line, N. 39i^ 
W. 15.20 ch., to find its difference of latitude and de- 
paurture. Ans. DiflT. lat. 11,72 N., and dep. 9.67 W- 

6. The baaring and distance of a line are N. 46^ E^ 
27.25 ch. ; required its difiference of -latitude and de- 
]>arture. Ans. JM. lat. 18.93 N. and dep. 19.60 R 

7. The bearing and distance of a line are S. 37j° W., 
137.50 ch.; required its difference of latitude and de- 
parture. Ans. Diff. lat. 109.45 S., and dep. 83.23 W. 

8. Required the difference of latitude and depajrture 
of a line, whose bearing and distance are S. 6i° R, 
5.60 ch. Ans. Diff. lat. 5.56 S., and dep. 0.63 R 

PROBLEM XII. 

Given the bearmgs and distances of all the sides of a trad 
of land to obtain tJie corrected latitudes and departures. 

RULB. 

1. Rule a table as in the annexed example, in the first 
rertical column of which, place the letters designating 
the sides, or the numbers denoting the stations at the bo- 
ginning of each side ; in the second colimm, place the 
bearings ; and, in the third, the distances. 

2. Find, by the last problem, the difference of latitude 
and the departure, corresponding to each side, and place 
iliem in the next four colunms, under their proper heads 
of N. or S., R or W. Add up the northings and soutli- 
ings ; and if the sums are not equal, find their difference ; 
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which will be the error of the survey in difference of 
latitude ; which call by the same name as the least sum. 
Proceed in the same manner with the eastings and west- 
ings, and find the error in departure. Also add up *the 
column of distances. Tlien it will be, 

As the sum of the distances, 
Is to any particular distance, 
So is the error in latitude or departure 
To the correction of latitude or departure, correspond- 
ing to that distance. 

3. Find, by the aboVe proportion, the corrections of 
latitude and departure corresponding to all the sides, 
calculating them to the nearest two decimal figures, and 
{dace them in the next two columns, heading them witli 
the same names as the errors in latitude and departure. 
If the sums of these corrections, are not respectively 
equal to the errors in latitude and departure, which, in 
consequence of the fi-actions neglected, will sometimes 
be the case, alter some of them by a unit in the second 
decimal figure, to make them so. 

4. Apply these corrections to their corresponding dif- 
ferences of latitude and departures, by adding when of 
the sam£ name, but by subtracting when of different 
names, and the corrected differences of latitude and de- 
partures will be obtained ; which may be placed in the 
four succeeding columns. 

In these the sums of the northings and southings will 
be equal, and also those of the eastings and westings.* 



* The directions given in the rule, for correcting the errors in difference 
of latitude and departure, are deduced from the rule given and demonptrated 
in No. 4, of a periodical work, called the Analyst, by Natkaniel Bcwditeh^ 
A. M., and also by the editor, Professor Adrairu The demonstration is too 
long, and not of a nature for insertion here. 
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Note 1. — ^In the proportion for finding the correction of 
the latitude or departure, the decimal parts of the sum 
of the distances and of the particular distance may be 
omitted, taking, in each case, the nearest number of whole 
chains. 

2. The corrections may be frequently estimated with 
sufficient accuracy without the trouble of working out 
the proportions. 

3. • When one or two of the sides are hilly, or when 
there are other difficulties in the way of obtaining their 
bearing or distances with accuracy, it is better to allow 
a considerable part of the errors, on the latitudes and de- 
partures corresponding to them, and afterwards to ap- 
portion the remaining part among the others. 

EXAMPLES. 

1 . Given the bearings and distances of the sides of a 
tract of land as follow : 1st. S. 40**^ E. 31.80 ch. ; 2nd. 
N. 54^ E. 2.08 ch.; 3rd. N. 29**^ E. 2.21 ch.; 4th. N. 
28r E. 35.35 ch. ; 5th. N. 57^ W. 21.10 ch.; 6th. S. 4T 
W. 31.30 ch. Required the corrected differences of 
latitude and departures. 



Sta. 


CoQTses. 


Dist 
Ch. 


N.L. 


8.L. 


E.D. 


W.D. 


Cor. 
8. 

.03 

.00 

.00 


Cor. 
E. 


N.L. 


8. Li. e. n. 

1 


W.D. 


1' 


S. 40^ E. 


31.80 




24.^8 


20.65 




.05 
.00 
.00 
.05 
.03 
04 




24.21 20.70 

1 




2iN. 54E. 


2.08 


1.23 




1.68 




1.23 


1.68 




3 

4 
5 

6 

1 


N. 29 J E. 


2.21 


1.92 




1.08 




1.92 


1.08 




N.28JE. 


3.5.35 


31.00 




17.00 




.04 


30.96 17.05 




N. 57 W. 


21.10 


11.49 






17.69 


.02 
.03 
.12 


11.47 


1 
1 


17.66 


S.47. W. 


31.30 




21.34 




22.89 


21.37| 


22.85 


1 




123.84 


45.64 
45.52 


45.52 


40.41 


40.58 
40.41 


.17 45.58 


45.58 40.51 

1 


40.51 



12 Er. 8. 



.17 Er. E. 



o 
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As 124 : 32 : : .12 : .03 As 124 : 32 :: .17 : .04 or .09* 

124 : 2 :: .12 : .00 124 : 2 : : .17 : .00 

24 : 35 :: .12 : .03or .04 124 : 35 : : .17 : .05 

124 : 21 : : .12 : .02 124 : 21 : : .17 : .03 

124 : 31 :: .12 : .03 124 : 81 :: .17 : M 

2. Given tlie bearings and distances of the sides of a 
tract of land as follow : 1st. N. 75° R 13.70 ch. ,• 2d. 
N. 20i E. 10.30 ch. j 3d. Edst 16.20 ch. ; 4th. S. 33i" 
W. 35.30 ch. ; 5th. S. 76 W. 16 ch. j 6th. North 9 ch. j 
7th. S. 84° W. 11.60 ch.; 8th. N. 53i° W. 1.1.6Q ch. ; 
9th. N. 36J' E. 19.36 ch.j 10th. N..22i° E. 14 ch. ; llflu 
S. 76J° E. 12 ch.j 12th. S. 15" W. 10.85 ch.; 13th. S. 
18° W. 10.62 ch. ; to the place of beginning. Reqjuired 
the corrected latitudes and departures. 

Ans. 1st. 3.56 N. 13.26 E. ; 2d. 9.66 N. 3.62 E. ; 

3d. 0.02 N. 16.22 E.; 4th. 29.39. S. 19.44 

W.; 5th. 3.85 S. 15.50 W. ; 6th. 9.01 N. 

0.01 R ; 7th. 1.19 S. 11.52 W. ; 8th. 6.96 

N. 9J27 W. ; 9th. 15.54 N. 11.61 E. ; 10th. 

12.95 N. 5.38 R ; 11th. 2.73 S. 11.70 R ; 

12th. 10.46 S. 2.80 W.; 13th, 10.08 S. 

3.27 W. 



* When, as in this ease, the correction ia found to be nearly midway be> 
tween two numbera, it is best to note them iMth. Then, if in using the one 
that is nearest to the true value, the sum of the corrections does not equal 
the whole error, the other should be taken. 
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CHAPTER n. 

On supplying omissions in the dimensions of a survey. 

When the bearings and distances of all the sides of a 
survey are known, except one bearing and one distance, 
or two beariitgs, or two distances, these can be obtained 
by calculation, provided those that are known can be 
depended on, as sufficiently accurate. This may some- 
times be necessary when there are obstacles in the way 
of obtaining one or two of the bearings or distances ; or 
when, after they have all been taken on the ground, the 
notes of one or two of them happen to be obUterated. 
As, however a bearing, or distance thus obtained, must 
be afiected by any error or errors that may have been 
made in taking the others, it is better, when practicable, 
to have the bearings and distances of aJl the sides, as 
taken on the ground. 

PROBLEM I. 

7^ bearings and distances of all the sides of a tract of 
landj except the bearing and distance of one side^ being 
given^ to find these. 

RULE. 

Find by prob. 11, of the preceding chapter, the differ- 
ences of latitude and the departures for the sides whose 
bearings and distances are given, and place them in 
their proper columns in a table ruled for the purpose : 
Add up the northings and southings, and taking the dif- 
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ference of their sums, place it opp|(>site the unknowH 
side, in the column whose sum is the least. The sums 
of the two columns will then be equal. This is called 
balancing the latitudes. , Do the same with the eastings 
and westings. The two numbers inserted to make the 
latitudes and the departures balance, wiU be the differ- 
ence of latitude and the departure of the Unknown side : 
with which its bearing and distance may be found, by 
prob. 10, of the preceding chapter. 

Note 1. — By the application of this rule, the bearing 
and distance of a line joining two comers or stations, 
may be found, when there are obstacles in the way which 
prevent our going directly from one comer to the other, 
or when one cannot be seen from the other. To do this, 
let one or two, or more stations, if necessary, be taken 
out of the line, and take the bearing and distance from 
the first comer to the fir^ assumed station ; from this 
station to the second ; and so on, to the second comer. 
Then considering these bearings and distances, as the 
bearings and distances of the sides of a survey, the re- 
quired bearing and distance of the line may be found by 
the above mle. The bearing' thus found must be ret^ers- 
erf, in order to have the bearing from the Jirst comer to 
the second 

2. In the same way the bearing and distance of a 
straight road to run between two given places, may be 
found, by taking the several bearings and distances of 
the old road if there is one ; or of Unes joining assumed 
stations and extending from one of the places to the other. 

EXAMPLES. 

1.' The bearings and distances of the side of a tract of 
land, except the bearing and distance of one side which 
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are not known, are as in the following field-notes ; re 
quired the unknown bearing and distance* 



Cbains. 

1. S. 45°i W. 15.16 

2. N. 50" W. 22.10 

3. North 18.83 

4. N. 85° E. 35.65 



Chain& 



5.— 

6. S. 

7.N. 



20i W^ 23.80 
5U W. 26.47 



Su. 

1 


Bearings. 


Diat 


N. 


s. 


E. 


w. 


S. 45i.W. 


15.16 




10.62 




10.81 


2 
3 
4 


N. 50 W. 


22.10 


14.20 






16.93 


North 


18.83 


18.83 








N.85E. 


35.65 


3.11 




35.52 




5 








(19.79) 


(21.20) 




6 


S. 20iW. 


23.80 




22.29 




8.33 


7 


N. 5U W. 


26.47 


16.56 






20.65 








52.70 


52.70 


56.72 


56.72 



As diff. of lat. 19.79 S. Ar. Co. 8.70355 
: dep. 21.205. - - - 1.32674 
rad. 10.00000 



• • 



: tang. bear. S.4T E. - - - 10.03029 



As.rad. - - . - 
: sec. bearing 47° • 
: • diff. lat 19.79 



- - 10.00000 

- - 10.16622 

- - 1.29645 



: diat - - 29.02 - - - - 1.46267 
. u4n«.S.4rR 29.02 ch. 
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2. Given the bearings and distances of the sides of a 
tract of land, as follow : 1st. N. 15t W. 9.40 ch.; 2d N. 
63J E. 10.43 ch. ; 3d. S. 49^ K 8.12 ch. ; 4th. S. 13i EL 
8.45 ch. ; 5th. S. 16J E. 6.44 ch. ; 6th. Unknown ; 7th. N. 
eO*' W. 9.72 ch. ; 8th. N. 17i E. 7.65 ch. ; required the 
bearing and distance of the 6th. side. 

Ans. S. 60° 8' W. 12.27 ch. 

3. One side of a tract of land of which a survey is to 
be taken, passes through a pond. Two stations are 
therefore taken on one side of the pond as represented 
in Fig. 80. The bearings and distances from the first 
end of the side to the first station, firom that to the second, 
and thence to the other end of the side are.; 1st. S. 
52° W. 10.70 ch. ; 2d. S. 7i° W. 13.92 ch. ; and 3d. S. 
34^ R 9 ch. Required the bearing and distance of the 
side. Ans. S. 10° 33' W. 28.31 chr 

4. Given the bearings and distances of an old road, 
running between two places, as follow ; 1st. S. 10° E. 
92.20 ch.j 2d. S. 15° W. 120.50 ch. ; 3d. S. 18i W. 
205. ch. ; 4th. S. 71i E. 68 ch. Required the bearing 
and distance of a straight road, that shall connect the 
two places. Ans. S. 2° 8' W. 423.47 ch. 

PROBLEM n. 

Criven ail the bearings and distances of the sides of a sur- 
vey, except the distances of two sides, to find these. 

RULE. 

• 
By prob. 9, of the preceding chapter, change all the 

given bearings, in a corresponding manner, so that one 
of the sides whose bearings only are given, may become 
a meridian. With the changed bearings and given dis- 
tances find the corre^x>nding differences of latitude, and 
the departures. Add up the eastings and westings, 
and take the diflference of their sums, which will be the 
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departure of that unknown side, which is not made a me- 
ridian. With this departure and the changed bearing, 
find by prob. 10, of the preceding chapter, the distance 
and difierence of latitude of this side, which place in 
their proper columns. Now add up the northings and 
southings, ana take their difference, which will be the 
distance of the side made a meridiaji.* 

KXAMPLES. 

Given the following bearings and distances of the 
sides of a survey ; lst.S. 45iW. 15.16 ch.; 2d.N. SO"* 
W. 22.10 ch. ; 3d. North 18.83 ch. ; 4th. N. 85^ R 35.65 
ch. ; 5th. S. .4T R dist. unknown; 6th. S. 20i W. dist. 
unknown ; 7th. N. 51 i W. 26.47 ch. to the place of be- 
ginning. Required the unknown distances. 



Sta. 

1 


Be«og. 


Cbanfed 
betrlncs. 


Diflt. 


N. 


8. 


E. 


w. 


8. 46io W.^ 


N. 871^ W. 


15.16 


0.66 






15.15 


2 
8 

4 


N. 50 W. 


N.3W. 


22.10 


22.07 






1 1.16 


North 


N.47E. 


ia83 


12.85 




13.77 




N. 85E. 


S.48E. 


35.65 




23^ 


26.49 




5 


S. 47K 


South 


C29.02) 




(29.02) 






6 

• 

7 


aaojw. 


&e7iw. 


(23.80) 




(9.11) 




(21.99) 


N. 51 J W. 


N.4iW. 


28.47 


26.40 






1.96 










\siM 


61.96 


40.26 


4a26 



* The reaBon of the role is obyions. For as the side made a meridian hat 
BO departure, the diflference of the sums of the departures, must be the de» 
partore of the other unknown side. And when the difierence of latitude of 
this side has been found and placed in its proper situation, the difierence of 
the sums of the latitudes must evidently be the difference of latitude of the 
aide made a meridian ; or which, in this case, is the same thing, its distanee. 
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Asrad. 10.00000 

: cosec. chang. bearing 67*** - - 10.03438 
: : dep. 21.99 1.34223 

: Dist 6th side - - 23.80 - 1.37661 

Asrad. 10.00000 

: cotang. chang. bearing 67i - - 9.61722 
: : depf - - - - - 21.99 - 1.34223 

: diff. lat 6th. side - - 9.11 - 0.95945 
Ans. 5th. side 29.02 ch. and 6th. side 23.80 ch. 

2. Given the bearings and distances of a tract of land 
as foUow: 1st. S. 40i E. 31.80 ch.; 2d. N. 54^ E. dist. 
unknown ; 3d. N. 29i E. 2.21 ch. ; 4th. N. 28i E. 35.35 
ch. ; 5th. N. ST W. dist. unknown ; 6th. S. 47^ W. 31.30 
ch. ; to the place of beginning. Required the distances 
of the 2d. and 5th. sides. 

Ans. 2d. side. 2.08 ch. and 5th. side 20.90 ch. 

PROBLEM ffl. 

Criven the bearings and distances of all the sides of a sur 
vey except two ; one of which has only its bearing given^ 
and the other ^ the distance and the points (f the compass 
between which it runs ; to find the unknown bearing and 
distance. 

RULE. 

As in the last problem, change all the given bearings, 
so that the side whose bearing only is given, may be- 
come a meridian. Find the differences of latitude and 
the departures, corresponding to the changed bearings 
and the given distances. Take the difference of the 
sums of the eastings and westings, which will be the ^ 
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parture of the side whose bearing is not given. With 
the given distance and this departure, find by chap. 1. 
ppob. 10. the changed bearing and difference of latitude, 
and place them in their proper columns. From the 
changed bearing, the true bearing may be readily found 
by note to prob, 9. chap. 1. Lastly, take the difference 
of the sums of tlie northings and southings, and it will 
be the distance of the side, changed to a meridian. 

Note. — ^The changed bearing as found by the rule, 
must be reckoned from the nor/A, or the south point of 
the compass, according as the one, or the other, will ren- 
der the true bearing when found from it, conformable to 
the given points. The point from which the changed 
bearing must be reckoned determines also the column in 
which the difference of latitude must be placed. Some- 
times the changed bearing when reckoned from either 
north or south, will render the true bearing conformable 
to the given points. In such cases, there are two differ- 
ent bearings and distances that wiU answer the condi- 
tions of the problem ; and we can only know which of 
them is the right one by previously knowing the required 
bearing nearly. 

EXAMPLES. 

I. Given the bearings and distances of a survey as fol- 
low : Ist. S. unknown W. 15.16 ch. ; 2d. N. 50** W. 
22.10 ch. ; 3d. N. 18.83 ch. ; 4th. N. 85° E. 35.65 ch. ; 
5th. S. 4T E. 29.02 ch.; 6th. S. 20^ W. dist. unknovm , 
7th. N. 51^'' W. 26.47 ch. Requured the unknovm bear- 
ing and distance. 

10* P 
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[chap. II. 



Sta. 
1 
2 
8 
4 
5 
6 
7 


Bearings. 


diADKed 
bearings. 


Dirt. 


N. a 


E. 


W. 


a (450 36') W. 


(a 25° 6' W.) 


iai6 




18.73 




(6.43) 


N. 50 W. 


N. 70i W. 


22.10 


7.37 






20.83 


North 


N.20iW. 


18.83 


17.64 




32.18 


6.50 


N. 85E. 


N.64iE. 


35.65 


15.35 






a 47 E. 


aer^E. 


29.02. 

• 




11.11 


26.81 




a20iw. 


South 


(23.81) 




(23.81) 






N. 61 J W. 


N. 711 W. 


26.47 


a29 




« 


25.14 










48.65 


4a65 


58.99 


58.W) 



As dist Ist side 15.16 
: dep. do. 6,43 

: : rad, -----. 



Ar. Co. 8.81930 

0.80821 

- - 10.00000 



sin. chan. bear. 25" 6' 



9.62751 



As rad. ------- 

: COS. chang. bearing 25** 6' 
; : dist. 15.16 



- 10.00000 

- 9.95692 

- 1.18070 



diff. lat. - - - - 13.73 - - 1.13762 
Ans. Ist S. 45- 36' W. ; 6th. 23. 81 ch. 



2. Given the following bearings and distances of a 
survey : 1st. S. 40i° E. 31.80 ch, ; 2d. N. 54° E. dist. 
unknown 3rd. N. 29i° E. 2.21 ch. ; 4th. N. unknown £. 
35.35 ch. ; 5th. N. 57° W. 20.90 ch.; 6th. S. 4r W. 
31.30 ch. ; to place of beginning. Required the bearing 
of the 4th. side and distance of the 2d. side. 

An$, Bearing of 4th. side N. 281° E . ; dist of 2d 
side, 2.09 ch. 
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PROBLEM IV. 

Given all the bearings and distances of the sides of a trad 
of land J except the bearings (f tv>o sides, to find these 
bearings. 

RULB. 

1. Find the difference of latitude and the departure ot 
each side, whose bearing and distance are both given. 
Take the difference of the sums of the northings and 
southings of these sides, and also the difference of the 
sums of the eastings and westings. These differences 
will be the difference of latitude, and the departure of a 
line, which, with those sides, would form a closing survey; 
and which may therefore be called a closing line. 

2. With the difference of latitude and departure of 
the closing line, find, by prob. 10. chap. 1, its bearing and 
distance. Take the closing line and the two sides whose 
bearings are not given, for the three sides of a triangle, 
and calculate the angles. 

3. To the bearing of the closing line, apply, by addi- 
tion or subtraction, as the case may require, the angle 
contained between it, and the side which is the one 
coming first in the order of the survey ; and it will give 
the bearing of that side. Then to the reverse bearing 
of that side, apply in a proper manner, the angle con- 
tained between the two sides which are sides of the sur- 
vey, and it will give the bearing of the second of those 
sides.* 



* It 18 easy to see the reason of the rale, by considering that the two sides 
wiiose bearings are not giTen, being made to fbnn with the closing line, the 
8 
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BZAHPLES. 



1/ Giyen the bearings and distances of the sides of a 
tract of land as foOow : 1st. S. unknoum W. 15.16 ch. ; 
2d. N. 50° W. 22.10 ch.; 3d. North 18.83 ch. ; 4th. N. 
SS" E. 35.65 ch. ; 5th. S. unknown E. 29.02 ch. ; 6th S. 
2Cr W. 23.80 ch. ; and 7th. N. 51* W- 26.47. ch. Re- 
quired the unknown bearings. 



SU. 

1 

2 
3 


Bearings. 


DiM. 


N. 


8. 


E. 


w. 


s. w. 


15.16 








' 


N. 50° W. 


22.10 


14.20 






16.93 


North 


18.83 


18.83 








4 
5 


N.85E. 


35.65 


3.11 




35.52 




S. E. 


29.02 










6 


S. 20iW. 


23.80 




22.29 




8.33 


7 


N. 514 W. 


26.47 


16.56 






20.65 




« 




52.70 


22.29 


35.52 


45.91 



22J29 
30.41 S. 



35.52 
10.39 E. 



Mm of a triangle, the sum or difTerence of their dilHurences of latitude, will 
necaanrlly be equal to the difference of latitude of the closing line ; and that, 
tfaerefcie, their differences of latitude will be audi as to make the sums of 
the northings and southings of the whole survey equsl ; and the ssme for the 
departures. 
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As difi; lat. - 
: dep. - - 
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30.41 S; 
10.39 E. 






red. 



Ar. Co. 8.51698 

1.01662 

- - 10.00000 



: tang, of bear, of clos. line, S. 18** 52' 

As rad. .-.-.- ...._ 

: diff. lat. 30.41 - - 

: : sec. of bear, of clos. line - 18° 52* 



: dist of clos. line 



- 32.14 



9.53360 

10.00000 

1.48302 

10.02398 

1.50700 



Let DE, Fig. 78, represent the closing line, DF, the 

Ist. side of the survey, and FE, the 5th. side. Then, 

DE 32.14 

DF 15.16 Ar. Co. 8.81930 



X JLi iQSr»\J^ 


44' 


Ar.< 

Angle 




2)76.32 
Half sum 38.16 


log. 1.58161 


Remainder 6.02 


— 0.77960 

V 


Cos. IF43' 


2)19.71781 


F87 

Ab DE 32.14 
: FE 29.02 
: : urn. F ST* 28' 


28 


' 9.85890 

:>>. 8.49295 
1.46270 
9.99958 


fiin. D 64^ 26^ 

DE, S. 18° 52^ E. 
Angle D 64 .26 


9.95523 

N. 45° 34' E. 

F 87 28 


l8t.aido,S.45 34 W. 


133 2 
180 00 



Sth. side, S. 46 58 R 
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2. Given the bearings and distances, of the «ides of « 
tract of land as follow : 1st S» unknown E.. 31.80 ch. ; 
2d, N. 54° K 2.08 ch. ; 3d. N. 29^ E. 2.21 ch. 4th. N. 
28i*' E. 35.35 ch. ; 5th. N. ST W. 20.90 ch. ; and 6th. S. 
unknown W. 31.30 ch. to the place of beginning. Re- 
quired the unknown bearings. 

Ms. 1st, S. 40° 29' E. ; and 6th. S. 4T W. 



CHAPTER m. 

Problems for fnding the Content of Land* 

When the sides of a survey are right Unes, and -all the 
bearings and distances are given, th^ area may be found 
by a problem that will be given in this chapter. If one 
or two of the bearings or distances are not known, they 
may be found by the problems in the last chapter. Al- 
though the problem alluded to, is general, and may be 
appUed whatever number of sides there may be, yet there 
are some particular rules for finding the areas of trian- 
gles and quadrilaterals, which are often useful. These, 
and al^o rules for finding the areas of circles and ellipses 
are given in the first part of the chapter. 

When a part of the boundary of a tract of land, is 
irregular, as is firequently the case, if one or more of the 
sides are bounded by water, it is sometimes very trouble- 
some to take all the bearings and distances requisite to 
obtain the area with accuracy. In these cases, it is 
usual to run one or more straight lines, called stationary 
lines, near to such boundary, and so a9 to connect the 
straight sides of the survey. In measuring these sta- 
tionary lines, perpendicular distances are measured from 
them, to each bend in the irregular boundary. These 
nerpendicular distances are called offsets. The lengths 
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of the offsets, and the distance of the foot of each, from 
the commencement of the stationary line, should be care- 
fiiUy noted in the field book ; observing also that such a 
number of off- sets should be taken, that the part of the 
irregular boundary intercepted between each adjacent 
two, may, withoutmaterial error, be considered a straight 
line. From these notes, the area or areas of the land 
contained between the stationary line or lines, and the 
irregular boundary, may readily be calculated. This 
area added to the area enclosed by the stationary lines, 
and straight sides of the suiTcy, when they are on the 
outside of the stationary lines, or subtracted from it, 
when ou tlie inside, will give the area of the survey. 

In those cases in which water is a boundary of a 
tract of land, if that water is a brook or rivulet, it is 
usual to consider a line running through its middle as 
tlie true boundary ; and the off-sets must be nieasured 
accordingly. When tide water is the boundary,' the 
land is considered as extending to the Une of low 
water mark. 

If the bearings of all the comers of a tract of land 
from two stations, taken either within or out of the tract 
are given, and also the bearing and distance of these 
stations from each other, the area may be calculated. 
It is however necessary, that the two stations should be 
so taken that they shall not be in a straight line, or very 
nearly in a straight line, with either of the comers of the 
land. This method of obtaining the area, though not 
practically so accurate as where the bearings and dis- 
tances of the sides are correctly given, may sometimes 
l)e found useful. 

Some surveyors, in order to calculate the area of a 
survey, first protract it ; then dividing the plot into tri- 



liiO OONTENT OF LAND. [CHAP. III. 

angles and trapeziums by lines joining opposite comefs, 
they measure with the scale and dividers, the lengths of 
such Unes and perpendiculars as are requisite for calcu- 
lating the areas of these. The sum of the areas thus 
obtained, is the area of the survey. When the survey 
is carefully protracted, and proper attention is given to 
take the measures with the utmost precision, this method 
i^rves to give a near value of the content ; but is by 
no means to be depended on as equally accurate witli 
the general problems mentioned above. 

Tlie area of a field or small tract of land, the comers 
of which can be seen from one another, may readily be 
found by means of the chain only. To do this, the lengths 
of the sides must be measured, and also the length of 
diagonals joining opposite corners, so as to divide the 
field into triangles. Or instead of the diagonals, the dis- 
tances from some assumed point within the field, to the 
sevel'al comers, may be used. Having then all the sides 
of the several triangles, the area of each may he found ; 
and the sum of these areas will be the area of the tract. 



PROBLEM I. 

To find the area of a Parallelogram^ whether it be a Square j 
a Rectanglej a Klwmhus^ or a Rhomboides. 

RULE. 

Multiply the length by the height or perpendicular 
breadth, and the product will be the area.* 



* DsMoinrrRATioH. Lot ABCD (Fig. 68) be a rectangle ; and let its lengfth 
AB and CD, and its breadth AD and BC, be each divided into as many equal 
partfl^ as are expressed by the number of times they contain the lineal mea- 
taring unit ; and ]e#ali the opposite points of division be connected bf right 
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Note. — ^Because the length of a square is equal to 
its height, its area will be found by multiplying the side 
by itself. 

BXAHPLES. 

1. Required the area of a square field, a side of which 
measures 7.29 four-pole chains. 

T,29Ch. 
7.29 



6561 
1458 
5103 

10)53.1441 Area 5 A. 1 R. 10 P 

5.31441 
4 

1.25764 
40 

10.30560 



2. Required the area of a rectangular fie 
length is 13.75 chains, and breadth 9.5 chains. 



lineo. Then, it is evident that these lines divide the rectangle into a nonn- 
ber of squares, each equal to the superficial measuring unit ; and that the 
number of these squares is equal to the number of lineal measuring units in 
the length, as often repeated as there are lineal measuring units in the 
breadth, or height; that is, equal to the length multiplied by the breadth. 
But the area is equal to the number of squares or superficial measuring units ; 
and therefore the area of a rectangle is equal to the product of the length 
and breadth. 

Again, a rectangle is equal to any oblique parallelogram of an equal length 
and perpendicular height (30.1;) therefore the area of eyery parallelogram 
is equal to the product of its length and height 

a 
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13.75 Ch. 
9.5 



6875 
12375 



10)130.625 Area 13 A. R. 10 P. 

13.0625 
4 



J2500 
40 

10.0000 

3. Required the area of a field, in the form of a rhom- 
boides, whose length AB is 42.5 perches, and perpen- 
dicular breadth CD is 32 perches. Fig. 15. 

42.5 P. 
32 



850 
1275 



4|0)136|0.0 

4)34 
• 

8A. 2R. 

4. What is the area of a square tract of land whose 
side measures 176.4 perches? Ans, 194 A. IR. 36.96 P. 

5. What is the area of a rectangular plantation whose 
length is 52.25 chains, and breadth 38.24 chains ? 

Ans. 199 A. 3 R. 8.6 P. 

6. The length of a field, in the form of a rhombus, 
measures 16.54 chains, and the perpendicular breadth 
12.37 chains: required the area. Ans. 20 A. IR. 33.6 P. 
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7i Required the area of a field in the fonn of a riiom- 
boides, whose length is 21.16 chains, and perpendicular 
breadth 11^2 chains. Ans. 23 A. 3 R. 32.5 P. 

t 

PROBLEM n. 

To fold the area of a triangle when the base and perpenr 

dicidar height are given. 

BULB. 

Multiply the base by the perpendicular h^ht, and 
half the product will be the area.* 

EXAMPLES. 

1. The base AB of a triangular piece of ground, 
measures 12.38 chains, and the perpendicular CD 6.78 
chains : required the area. Fig. 49. 

12.38 Ch. 
6.78 



9904 
8666 
7428 

2)83^64 

10)41.9682 Area, 4 A. OR. 31 P. 

4.19682 
4 



.78728 
40 

31.49120 



* D m o wwu ATioii. A triangle is half a parallelogram of the aanw baw 
«>d altitude^ (41.1) and therefore the truth of the rule is evident 



i 
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2. Required the area of a triangular field, one side of 
which measures 18.37 chains, and the distance firom this 
side to the opposite angle, 13.44 chains. 

Ans. 12 A IR. 15 P. 

« 

3. What is the area of a triangle whose base is 49 
perches and height 34 perches ? Ans. 5 A. R. 33 P. 

PROBLEM UL 

To find the area of a triangle when two sides and their 

included angle are given. 

RULB. 

As radius, 

Is to the sine of the included angle; 
So is the rectangle of the given sides, 
To double the area.* 



EXAMPLES. 

1. In a triangular lot of ground ABC, the side AB 
measures 64 perches, the side AC 40.5 perches, and 
their contained angle CAB 30^: required the area. 
Fig. 49. 



* Dbhombtration. In the triangle ABC, Fig. 49, let AB and AC be the 
given sides, including the given angle A, and let CD be perpendicular on AB. 
Then by trig. rad. : sin. A : : AC : CD;but (cor. 1.6) AC : CD : : ACx AB : 
CDx AB; therefore (11.5) rad. : sin. A : : ACxAB : CDxAB; but CDx 
AB is equal to twice the area of the triangle : hence the truth of the rule \m 
evident 
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As radius 10.00000 

Is to sin. A, 30^ 9.69897 

So is AB AC ^ ^ " * ' ■ 1-80618 
&oisAl$,Af. ^40.5 . - - 1.607^ 

13.11261 



• To double the area 1296 perches 3.11261 

410)6418 
4)16 8 

4A. OR. 8P. 

2. What is the area of a triangle, two sides of which 
measure 15.36 chains and 11.46 chains respectively, and 
tlieir included angle 47° 30^ ? Ans. 6 \. 1 R. 38 P. 

3. One side of a triangular field bears N. 12° £• di^ 
tance 18.23 chains, and at the same station the other ad- 
jacent side bears N. 78° 30' E. distance 13.84 chains : 
required the area, Ans. 11 A. 2R. HP. 

4. Required the area of a triangular piece of ground, 
one side of which bears N. 82° 30^ W. dist. 19.74 chains, 
and at the same station the other adjacent side S. 24° 15' 
E. dist. 17.34 chains. Ans. 14 A. 2R. 8P. 

PROBLEM IV. 

To find the area of a triangle when one side and the ttvo 

adjacent angles are given. 

RULE. 

Subtract the sum of the two given angles from 180°; 
the remainder will be the angle opposite the given side. 
Then, 



^ 



• 
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As the rectangle of radius and the sine of the angle 

opposite the given side, 
Is to the rectangle of the sines of the other angles, 
So |B the square of the given side, 
To double the area.* 



BXAHPLBS. 



rad. 


Ar. Co. 0.00000 


sin. C. 70° 


At. Co. 0.02701 


sin. A. 60° 


9.93753 


sin. B. 50° 


9.88425 


AB76 


1.88081 


AB76 


1.88081 



1. In a triangular field ABC, the side AB measures 
76 perches, the angle A 6(f , and the angle B 50*^ re- 
quired the area. Fig. 47. 

The angle ACB=180® — the sum of the angles A 
and B,=70^ 

As rad. x sin. C, 
: sin. Axsin. B, 
::AB2=ABxAB, 

: douUe area in perches 4078 3.61041 

40)2039 
4)50 39 

12 A. 2R. 39 P. 



* DBM0N8TRATI0R. Let AB, Fig. 49, be the given side of the triangle 

ABC, and A and B the given angles ; also let CD be perpendicular on AB : 

Then by trig. 

sin. ACB : sin. R : : AB : AC 

rad. : sin. A : : AC : CD. 

Therefore (2a6) rad.X8in. ACB : sin AXsin. B :: ABxAC : CDx AC : : 

(Cor. 1.6) AB : CD : : AJ^ : ABx CD ; but ABx CD is equal to double the 

area of the triangle ABC ; therefore (11.5) rad. X sin. ACB : sin. A X sin. B : . 

A^ : double the area of the triangle ABC. 
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2. One aide of a triangle measures 24.32 chains, and 
the adjacent angles are 63'' and 74^ : required the area. 

Ans.SlA. OR. 22P. 

3. What is the area of a triangular field, one side of 
which is 17.36 chains, and the adjacent angles 37^ 3(y, 
and48^15'? iin^. 6 A. 3 IL 18 P. 



PROBLEM V. 

To find the area of a triangle when the three sides are given. 

RUUk 

From half the sum of the three sides subtract each 
side severally ; multiply the half sum and the three re- 
mainders continually together, and the square root of 
the last product will be the area.* 



* DntONBTRATioif. Let ABC» Fig. 69, be the triangle. Bisect any two 
of the angles, BAG, ABC, by the straight lines AG, BG, meeting in G ; let 
&11 on the three sides of the triangle, the perpendiculars GD, GF, GE, and 
join GO ; also produce AB^ AC, and bisect one of the exterior angles, HfiC, 
by the line BK, meeting AG* produced in K, join KC, and let fall the perpen- 
diculars KH, KM, and KL. Then (26.1) AD is equal to A£ and DG to GE ; 
also BD is equal to BF, and DG to GF ; hence GF and GE are equal, and 
consequently (47.1) CF is equal to CJE. In like manner it may be proved 
that AH is equal to AL, BH to BM, and CM to CL; as likewise that KH, 
KM, and KL are equal to each other. Now since BH is equal to BM and CL 
to CM, it is manifest that AH and AL together, are equal to the sum of the 
three sides AB, AC, and BC ; hence AH or AL is equal to the semiperimeter 
of the triangle ABC. But since twice AD, twice BD, and twice CF are, to- 
gether, equal to the sum of the sides of the triangle, or twice AH, it is ob- 

* The angle BAG is less than the angle HBC (16.1 ;) consequently BAG is 
iem than HBK, and BAG, KBA, are together less than HBK, KBA ; but HBK, • 
KBA, are together equal to two right angles ; hence BAG, KBA, are less than * 
two right angles; therefora (cor. 39.1) the Una BK will meet the line AG pro^ 



I 
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EXAMPLES. 



1, Required the area of a triangular tract of land, 
whose three sides are 49.00, 50.25 and 25.69 chains. 



viooB that AD, BD and CF together, are equal to AH ; conseqaently CF is 
equal to BH or BM ; hence CM or CL is equal to BF or BD; and therefore 
DH and BC are equal 

Ilence, if from the semiperimeter AH, the three sides AB, AC and BC 
be severally taken, the remainders will be BH, CL, (or BD) and AD re- 
spectively. 

Again, since the angles DBF and DGF are together equal to two right 
angles, as likewise DBF and FBH together equal to two light angles, it is 
manifest that the angle DGF is equal to the angle HBF ; and the angle DGB 
to the angle HBK; the triangles DBG and HKB are therefore similar. 
Hence BD : DG : : KH : HB; also in the similar triangles ADG, AHK« AD : 
DG : : AH : HK ; therefore (23.6) AD x BD : DG» : : AH : HB : : AH« : AH 
XHB. 

If therefore we take between AD and BD, and between AH and HB, the 
mean proportionals M and N respectively, the foregoing analogy wiH become 
M* : DG* : : AEP : N>; hence (22.6) M : DG : : AH : N ; consequenUy the 
rectangle M X N b equal to the rectangle AH x DG ; th|refore ABC= ABG-f 
BCG+A(X3h=AHxDG=MxN=v^(AOxBD)X^/ (AHxHB)=v' (AD 
xBDxHBxAH.) 
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49.00 

50.25 
25.69 
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Sum 
Half sum 



Raaaainders 



124.94 

62.47 
13.47 
12.22 
36.78 



log. 



615 chains 

61.5 Acres=61 A. 2R. 



1.79567 

1.12937 
1.08707 
1.56561 

2)5.57772 

2.78886 



2. What is the area of a triangular field, whose sides 
measure 10.64, 12.28, and 9.00 chains ? 

Ans.iA. 2R. 26 P. 

3. Wliat quantity of lai^d is contained in a triangle, 
the sides of which are 20, 30 and 40 chains ? 

Aw. 29 A. OR. 7P 



PROBLEM VL 

To find the area of a trapezium, when one of the diagonals 
and the two perpendiculars, let fall on it from the op- 
poeite angles, are given. 

RUUB* 

Multiply the sum of the perpendiculars by the diago- 
nal, and half the product wiU be the area.* 



* DsaoiwnuTioii. The area of the triangle ABC (Fig. 70)b' 



ACxBP 



ACxDE 
and the area of the triangle ADC=s :^ — ; therefore the ntm oft 

R 



130 CONTENT OF i:.AND. [CHAP. UI. 

Note. Wlien all the sides and one of the diagonals 
are given, the trapezium "will be divided into two trian- 
gles, the area of each of which may be found by the last 
prolblem. The sum of these areas will be the area of 
the trapezium. 

EXAMPLES. 

1. In a field ABCD, in the form of a trapezium, the 
diagonal AC measures 20.64 chains, the perpendicular 
BF 6.96 chains, and DE 5.92 chains ; required the area. 
Fig. 70. 

Ch. 
6.96 
5.92 



12^8 
20.64 

5152 
7728 
2576 

2)265.8432 

132.9216 Ch.= 13 A. IR. 6 P. 

2. Required the area of a trapezium whose diagonal 
measures 16.10 ch. and the perpendiculars 6.80 ch. and 
3.40 ch. Am. 8 A. R. 33i P. 

3. The diagonal of a trapezium is 24 ch. and the per- 
pendiculars are 8.27 ch., and 1243 ch. ; what is the 
area? Ans.2^k. 3R. 14 P. 



ACxBP ACxDE BF+DK 

ireai, or the area of the trapezium ABCD=£ g 1 ^ — ^ ' — 

XAC 
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PROBLEM Vn. 

To find the area of a trapezium^ when all the angles and 

two opposite sides are given. 

Note. — When three of the angles aregiven^ tJiC fourth may 
be founds by subtracting their sum from 360®. 

RULB. 

Consider one of the given sides and its adjacent angles, 
or their supplements when their sum exceeds 180% as the 
side and adjacent angles of a triangle, and find its double 
area by prob. 4. Proceed in the same manner with the 
other given side and its adjacent angles : Half the differ- 
ence of die areas thus found will be the area of the tra- 
pezium.* 

EXAMPLES. 

1. In a four-sided field ABCD, there are given the fol- 
lowing bearings and distances, viz. AB, N. 24"^ E. dist. 
6.90 ch. ; BC, N. 64^ 40^ E. ; CD, S. 35° 20^ E. distll.50 
ch. ; and DA, S. 88*^ W. : required the area. Fig. 71 . 

From the given bearings, the angles may be founo 
foUowB : 

AD, N. 88» R CB, S. 64" W W. 

AB, N. 24 E. CD, S. 35 20 E. 



BAD=64° BCD=100°00 



* I>Biioi«nu.Tnm. LetAB;CI>,F^. Tl.betfiepvenaidfl.oftb.ti.ii.- 
Bain ABCD. Piodttoe DA, CB; to meet in E; then aABCDsSEDC— 

2EDC— 2EA& 
2EAB or ABCD=- s . Hencthe tnitli of the rule a erident 

9 
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CONTENT 

BC, N. 64" 4<y E. 
BA, S. 24 00 W. 


OF 

ma 


LAND. [chap, nu 

DC, N. 35" 20^ W. 
DA, S. 88 00 W. 


40 40 
180 00 


123 20 

180 00 


ABC=139 20 

• 

Const 


ADC-56 40 
(ion. 



Make AB=:6.90, and draw DA, CB, making the 
angle DAB=64^ and ABC=13y QOf; produce DA and 
make the angle EAFrrSG** 4(y=the given angle ADC; 
lay off AF= 11. 50= the given side BD, and parallel to 
AD draw FC, meeting BC in C ; lastly draw CD paral- 
lel to AF, meeting AD inD; then will ABCD be the tra- 
pezium.* 

CalaUation, 

The angle E=I80° — the sum of die angles BCD, 
ADC=23*' 2a. 

A. ^A NxaSn w 5 T^' Ar. Co. 0.00000 

AB raa. x sin. li, < ^^ g. 23" 20^ Ar. Co. 0.40222 

. -;« PAPs^ «„ WRA 5 sin. EAB 116» W 9.95366 
. sin. liAUXsin. ii«A, J gjjj j^^ ^o 4ff 9.81402 

AB 6.90 0.83885 

0.83885 



• ' ^^' ) AB 6!90 



: 2 EAB 70.405 1.84760 



* DBMMHntATHW. Bf coDftniction FC IB parallel to AD ud CD to AF ; 
<wwfcie (34.1) CDs^AF and (SOil) the angle ADC=EAF; hence it m 
•fident that the ridea AB, CD, and the angles of the tnpoiain ABCD an 
nqtectively eqoal to the given ndea and anglee. 
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As rddx sin. E, 

:siiLECDxsm.EDC, 

::CD», 

: 2 EDC 274.731 
2EAB 70.405 



rad. Ar. Co. 0.00000 

sin. E. 23° 20" Ar. Co. 0.40222 
8in.ECD 100" Oa 9.99335 
sin. EDC 56 40 9.92194 
CD 11.50 1.06070 

CD 11.50 1.06070 



2.43891 



2ABCD 204.326 

ABCD= 102.163 Ch.=: 10 A. OR. 34.6 P. 

2. In a trapezium ABCD, the angles are, A =65% B 
=81% C=120% and consequently D=94% also the side 
AB=20 ch. and CD=11 ch. : required the area. 

.4»M.22A. 2R. 27 P. 

3. Required the area of a four-sided piece of land, 
bounded as follows: 

l.N. 12°30'E. - 

2. N. 81 00 E. dist. 23.20 ch. 

3. S.36 00 W. 

4. N. 89 00 W. dist. 12.90 ch. 

Ans^fTIA. 2R. 24P. 



PROBLEM Vm. 

To find the area <if a trapezmm vohen three sides and the 

two included angles are given. 

ROLB. 

• 

As radius, 

Is to the sine of one of the given angles ; 

So is the rectangle of the sides including this angle» 

To a certain quantity. 



134 OOimNT OF LAND. [€91AP. UU 

As radius, 

Is to the sine of the other given angle ; 

So is the rectangle of the sides including this other 

angle, 
To a second quantity. 

Take the dijBTerence between the sum of the given an- 
gles and 180^; Then, 
As radius. 

Is to the sine of this difference ; 
So is the rectangle of the opposite given sides, 
To a third quantity. 

m 

If the sum of the angles be less than 180"^, subtract 
the third quantity from the sum of the other two, and 
half the ^ difference will be the area of the trapezium. 
But if the siun of the given angles exceed 180% add all 
the three quantities together, and half the sum will be the 
area.* 



* DsMONSTRjLTioif. Let ABCD (Fig. 72 or 73) be the trapezium, having 
the given sides, AD, AB, BC, and given angles DAB, ABC. Complete the 
parallelograms ABCE, ABFB, and join ED, CF; then because EC, DF, are 
each parallel and equal to AB, they are (30.1) parallel and equal to each 
other, and (33.1) ECFD is a parallelogram; therefore ABFD= ABHG-f- GHFD 
=(35.1.) ABCE-fECFD=(34.1.) ABCE+2ECD; to the first and last of 
these equals add ABCE, then ABFD+ ABCE=2ABCE+2ECD=2ABCDE. 

But, Fig. 72, when the sum of the given angles DAB, ABC, is less than 
180®, 2ABCDE=2ABCD+2EAD ; therefore in this case ABFD+ ABCE= 
2ABCD-I-2EAD; or ABFD+ABCE— 2EAD=2ABCD. 

And, Fig. 73, when the sum of (he given angles DAB, ABC, exceeds 180°, 
2ABCDE=2ABCD— 2EAD; therefore ABFD+ABCE=2ABCD— 2EAD; 
or, ABFD+ ABCE+2EAD=2ABCD. 

But by prob. 3. one of the first two proportions gives 2BAD (=ABFD,) 
and the other gives 2 ABC (=:ABCE;) also becaute the angle EAD is the 
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EXAMPLES. 



1. In a trapezium ABCD, there are given AD= 23.32 
ch., AB=25.70 ch., and BC= 15.84 ch., the angle DAB=: 
64% and ABC=82*': required the area. 



As rad. 

: sin. DAB, 64" . . . - 
• • ADxAB $ AD 23.32 

• • ^^>^^"' Jab 25.70 

: first quantity 538.66 



As rad. - - 
: sin. ABC, 82^ 



:: ABxBC 



• 1 



AB 25.70 
BC 15.84 



Ar. Co. 0.00000 

9.95366 

. - 1.36773 
• - 1.40993 



2.73132 



At. Co. 0.00000 

9.99575 

1.40993 
1.19975 



: secona quantity 403.12 

DAB 64' 
ABC 82 

146 

180 

Difference 34° 

As rad. ------ 

: sin. difference 34° - - 

5 AD 23.32 
I BC 15.84 



2.60543 



: ADxBC, 



Ar. Co. 0.00000 

• - 9.74756 

1.36773 
1.19975 



: tliird quantity 206.55 



2.31504 



/ 



di^ence between the sum of the given angles and 180°, and the side E<A=t 
BC, the third proportion gives 2EAD : hence the truth of the rule is mani- 
fest 
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1st qoanti^ 538.66 



- -*►. f 



2d " 403.12 *^~- 



941.78 
3d " 206.55 






2)735.23 
367.615 ch.=36 A 3R. 2P. ^ 

• 

2. W hat is the area of a four-sided lot of ground, ^ .^ 
sides of which, taken in order, measure 6.15, 8.46 ..>. 
7*00 chains, respectively ; the angle contained by th '^ 
and second sides 56% and that contained by the s ^*^ 
and third sides 98° acy? Ans. 4A. OR. 2 - 

3. One side of a quadrilateral piece of land beai • . - 
E. dist 17.53 ch., the second, N- 87 R dist. 1( ^ 
and the third, N. 25i E. dist. 12.92 ch. : what is tl" ^ . 

ilii5.2lA, 3R- . 



K. 

To find the area of a trapezoid. 

*■■ 

Multiply the sum of the parallel sides by ^ ^ 
pendicular distance, and half the product v "^ ^ 



* .. 



••^ '. I 



• t 



1. Required the area of a trapezoid ABC > , 
the parallel sides AD, BC measures 6.14 and 



* f - 



mos. The trapezoid ABCD, Rg. 7i=A < ^ ^ -~^ . 
^BCxBP__AD+BCxBF- * i. - > ^ 



.% 



t 



- -^ .: ^ 
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reBpectively, and their perpendicular distance BF or DE. 
7.G0 chains. " 

CL 
6.14 
9.48 



15.62 
7.80 

124960 
10934 

2)121.8360 

60.9180 Ch.=6 A. OR. 15 P. 

2. The parallel sides of a trapezoid are 12.41 and 8.22 
chains, and their perpendicular distance 5.15 chains : re- 
quired the area. Ans. 5 A. 1 R. 10 P. 

3. Required the area of a trapezoid whose parallel 
sides are 11,34 and 18.46 chains, and their perpendicular 
distance 13.25 chains. Ans. 19 A. 2 R. 39 P 

PROBLEM X. 

To find the area of a circle^ or of an ellipsis* 

RULB. ^ 

Multiply the square of the circle's diameter, or the 

* If two pins be set upright in a plane, and a tliread, the length of 
which 18 greater than twice the distance between the pinR, having the 
mds tied together, be put about the pins ; and if the point of a pin o* 
pencil applied to Uie thread, and held so as to keep it uniformly tense, be 
moved round, till it return to the place from which the motion began ; then 
the point of the pin or pencil will have described on the plane, a curved line 
called an EUiptU. 

12* " 8 
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product of the two diameters of the ellipsis, by .78541 for 
the area.* 

Note 1. — ^If the diameter of a circle be multipUed by 
3.1416, the product will be the circumference ; also if 
the circumference be divided by 3.1416, the quotient wiU 
be the diameter. 

2. If the area of a circle be divided by .7854, the square . 
root of the quotient will be the diameter. 

EXAMPLES. 

I. How many acres are in a circle a mile in diameter 7 
1 mile=ieO ch. 

80 



6400 

.7854 

3141600 
47124 



5026.5600 Sq. Ch.=502 A. 2 R. 25 P. nearly 

Or by Logarithms. 

Q«.,o w. ^ron 5 80 log. 1.90309 

Square of 80 ^^^ ^ ^^^^^ 

.7854 —1.89509 



5026.56 Sq. Ch. 3.70127 

2. Required the area of an ellipsis, the longer diame- 
ter of which measures 5.36 ch. and the shorter 3.28 ch. 



* The demonstration of this rule is too abstruse to admit of a place in this 
work. The student who wishes to see a deD&onstration is referred to a tresf 
tise on Mensuration or Fluxiont, 



» 
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Ch. 

5.36 

3.28 

4288 
1072 
1608 



17.5808 
.7854 



703232 
879040 
1406464 
1230656 

13.80796032 Sq. Cai.=l A. 1 R. 20.9P. 

PROBLEM XI. 

The hearings and distances of the sides of a tract of land 

being given to calculate the area. 

RULE. 

1. Rule a table and head it as in the annexed example; 
observing that the letters K D« D. and W. D. D., stand 
for East Double Departure^ and West Double Departure. 

2. Find by prob. 12. chap. 1., the corrected differ- 
ences of latitude and the departures, corresponding to 
the several sides, placing them in their^ proper places in 
the table. 

3. When the departures corresponding to the first and 
last sides are of the sarne name, add them together, and 
place the sum opposite the first side, in the column of 
double departures, which is oftltat name; but when thej 
are of different names, take their difference^ and [dace ii 
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m the column of double departures, which is of the same 
name with the greater departure. Proceed in the same 
manner with the departures corresponding to the first 
and second sides, placing the result opposite the second 
side ; with those corresponding to the second and third 
sides, placing the result opposite the third side ; and so 
on to the last 

4. Commencing witli any side of the survey at plea- 
sure, assume any number whatever for a multiplier cor- 
responding to that side, and place it in the column of 
multiphers, opposite to the side, marking it with the let- 
ter E, for east. If this multiplier and the double depar- 
ture, corresponding to the next side, are of the same name, 
take their simi for the next multiplier, marking it with 
that name ; but if they are of different names, take their 
difference, marking it with the name of the greater. 
Proceed in the same way with this multiplier and the 
next double departure ; and so on till multipliers have 
been found corresponding to all the sides. 

5. Multiply each of the corrected differences of lati- 
tude by its corresponding multiplier ; and when the mul- 
tiplier is east, place the product in that column of areas, 
which is of the sam£ name with the difference of latitude ; 
but when it is west, place the product in the column of 
areas, which is of a different name from that of the dif- 
ference of latitude. 

6. Add up the tiumbers in the columns of areas, and 
taking the difference of their simis, divide it by 2 ; the 
result wiU be the area of the survey.* 



* Dbmonstratioii. Let ABCDEFG, Fig. 79, be a plot of a survey ; and 
let the east and west line AL, represent the assumed multiplier. From the 
pointi B and L, draw BM parallel, aod LM perpendicular to AL| mefiting in 
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Nate \. — ^If the double departures have been correctly 
found, the siims of the numbers in the two columns, will 
be equal. Also, if the multipUers have been correctly ob- 
tained, the sum or difiference of the multipher last found 



M ; and Insect BM hf the meridiaii NS» Draw the other east and west 
lines, Ccj tnd, ne, rf, and «g ; and also the meridians hk^ Bp^ Cn^ Z>«, w^ 

Fw, and Gx, Then it is evident that the differences of latitude and the de- 
partures corresponding to the several sides will be as in the following table. 
Also according to the rule, Bh-\-Av=Bx, is the double departure correspond- 
ing to the first side ; Bh+ 09= C%, is that for the second side ; CI — Dm^Dp^ 
ik that for the third ; and so on to the last 



Dlst, 


N. 


s. 


E. 


W.i 


E.D.D. 


W.D.D 


Multipliers. 'N. Areas. 


S. Areas. 


AB 


Ah 




Bh 




Bx 




Aa-h Bb, £i^2Aab B 




BC 
CD 
DE 
EF 




Bl 


CI 




Ck 




Bb-\-Cc,E 




2 BbcC 




Cm 




Dm 


Dp 




Cc+Dd, E 




2 CcdD 




Dq 


Eg 






En 


Dd-\-Ee,E 




2 DdeE 




Er 




Fr 




Fs 


Ee-^-Ff, E 




2 E^ 


FG 

Iga 


Ft 


Av 


Gt 




Gu 


Ff-\-Gg,E 


2FfgG 




Gv 




Aw 




Gg+Aa,E 


2GgaA 





B)f construction, the assumed multiplier AL=A£i+<>L~=Aa+&M=Aa+ 
B6. By proceeding with this multiplier and the double departures, as di> 
reeled in the rule, we shall evidently harve the other multipliers as repreeenU 
ed in the table. It is also plain that the products of the differences of 
latitude by these multipliers, will be as represented in the columns of north 
and south areasL 



The sum of the north areas is 2 BAGF/6B ; and the sum of the south areas 
is 2 BCD]'TF/6& The difierence of these is 2 ABCDEFG A ; the half of 
which is the area of the survey. 



The prooeduig demonstration may easily be extended to the case in whieh 
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and the next double departure, according as they are of 
the same or different names, will be equal to the assumed 
multiplier. 

2. It is best, in general, to assume 0, for the first mul- 
tipher ; as by so doing there is one muItipUcation less to 
be performed, and the other multipUers are mostly smaller 
numbers, than they would otherwise be. 



the tsBumed multiplier is bo small as to make the meridian NS pass throag^h 
the survey. Thus, suppose Ato-f HB to be the assumed multiplier, the me- 
ridian in this case coinciding with FH. Then the multipliers will be equal 
to the differences between the above multipliers and the quantity, 100+ 6H 
or its equal 2611. We may therefore represent them, and the products, as 
in the followmg table ; in which the multipliers are marked, and the prodacts 
pbced, in conformity with the rule. 



Dist. 

AB 

BC 

CD 

DE 

EP 

FG 

GA 


N. 
Ah 

Ft 
Qv 


8. 


Multipliers. 


N. Areas. 


8. Areas. 


Bl 

Cm 
Dq 
Er 


(Aa+ Bb)-2 bH E. 


2 AaBb^2wabH 




{Bb^Cc^—^hH, E. 




2 BbcC-QIIbcK 


(Cfc+Drf)— 26/fE. 




2 CcdI>-2KcdP 


(Drf-fJB«>-26HE. 




2 DdeE^2PdeQ 


{Ee-\-¥fy-'2bH,K 




2 EefF-^2 QefF 


2 6/f— {!?/•+ Qg) W. 




2 Ffgt~2 ffgQ 


26^— (G;?-+Afl) W. 




2 tgaw^2 GgaA 



The sum of the north areas is 2 AabB — 2 Hbaw : and the sum of the soutli 
areas is 2 BCDEF/6B4-2 tofl/F — 2 H6/F—2 AGF/a=2 BCDEF/6B+ 
2 tca/F--2 waf F--2 Ubaw — 2 AGF/fl==2 BCDEF/6B~2H6ato-2AGF/« 
=2BCDEF/"6B — 2 AGF/b— 2 Ubaw. If now the sum of the north areas bo 
subtracted from that of the south areas, the remainder will be 2 BCDEfy^n 
AGiyj*— 2 Aa6B=2 BCDEFy6B-2 BAGFyfr=2 ABCDEPGA. 
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3. Instead of assuming the first multiplier east^ it 
might with equal propriety be assumed toest. Also 
instead of finding the multipliers from the departures, 
they might be found in a similar manner, from the differ 
ences of latitude ; using, in that case, the departures for 
multiplicands. 

4. When one or two bearings or distances are omitted, 
they may be found by the problems in the last chapter , 
and in these cases the differences of latitude and depar- 
tures are to be used as first obtained from the tables, 
there being no means of correcting them. 

EXAMPLES. 

1. Given the bearings and distances of the sides of a 
tract of land as foDow: 1st. 40J° E. 31.80 ch.; 2d. N. 
54^ E. 2.08 ch. ; 3d. N. 29i° E. 2.21 ch. ; 4th. N. 28^ E. 
^5.35 ch. ; 5th. N. 57^ W. 21.10 ch. : and 6th. S. 47° W. 
31.30 ch. ; to the place of beginning. Required the area, 
of the tract 
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2. Required the area of a tract of land, bounded ap 
follows: 1st. N. 75° E. 13.70 ch. ; 2d. N. 201° E. 10.3<» 
ch, ; 3d. East, 16.20 ch. ; 4th. S. 33J» W. 35.30 ch. 
5th. S. 76° W. 16 ch.j 6th. North, 9 ch.; 7th. S. 84 
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W. 1 1.60 cju } 8th. N. 53i » W. 11.60 ch. ; 9th. N. 36|' 
E. 19^56 ch. ; 10th. N. 22i° E. 14 ch. ; 11th. S. 761° E. 
12 ch. ; 12th. S. 15° W. 10.85 ch. ; 13th. S. 18° W. 10.62 
ch. ; to the place of beginning. 
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3. Given the boundaries of a tract of land as follow, 
viz. 1st. S. 35*" W. 11J20 ch. ; 2d. N. 45° W. 24.36 ch. ; 
3d. N. 151° K 10.80 ch. ; 4th. S. 77" E. 16. ch. ; 5Ui. N 
87F K 21.50 ch. ; 6th. S. 60° E. 14.80 ch. ; South 10.91 
ch.j 8th. N. 85° W. 29.28 ch. ; to the place of beginning • 
required the area. Arts. 85 A. 3 R. 17 P. 

4. Given the boundaries of a tract of land as follow, 
viz. 1st. N. 19° E. 27 ch. J 2d. S. 7f° E. 22.75 ch. ; 3d. 
S. 2r R 28.75 ch.; 4th. S. 52° W. 14.50 ch. j 5th. S. l6i° 
E. 19 ch.} 6th. West, 17.72 ch. ,- 7th. N. 36° W. 1 1 .75 ch. ; 
8th. North, 16.07 ch. j 9th. N. 62° W. 14.88 ch. ; to the ' 
plac^ of beginning : required the area. 

^m. 152A. 2R. 6 P. 

5. Required the area of a tract of land bounded as 
follows : 1st S. 62° W. 7.57 ch. j 2d. N. 43i° W. 5.89 ch. ; 
3d North, 5.82 ch. ; 4th. N. 33i° W. 8.83 ch. ; 5th. N. 48° 
E. 4.81 ch. J 6th. N. 12° R 4.66 ch. ; 7th. N. 62i° E. 5.27 
ch. } 8th. S. 6i° E. 5.60 ch.; 9th. S. 40J°E. 5.87 ch. ; 10th. 
East, 6.54 ch. ; 11th. North, 5.52 ch. ; 12th. N. 68^° E. 
3.10 ch.; 13th. S. 30° E. 7.90 ch. ; 14th. S. 23° W. 8.80 
ch.; 15th. S.31i°R 6.42 ch.; 16th. S. 50° W. 8.40 ch. ; 
17th. N. 44° W. 6.85 ch. to the place of beginning. 

Ans. 44 A. 2 R. 22 P. 

6. Given the following field-notes to find the ai^ of 
the survey ; also the bearings and distance of the 3d side, 
which were omitted to be taken on account of obstacles 
in the way. 

Ch. 
1. S. 85t° E. 23.30 
2.S. 19 E. 31.12 
3. 

4. N. 64 W. 29.72 
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Ch. 

5. N. 15i» W. 22.46 

6. N. 58 £. 25.94 

7. S. 27i E. 6.60 

Ans. Area 182 A. R. 21.7 P. and the bearing and 
distance of the 3d side, S. 66** 23' W. 28.06 ch. 

7. Being furnished with the field-notes of a tract of 
land, and requested to calculate the area, I found on ex- 
amining them, that the figures expressing the angles of 
bearing of the 4th and 5th sides were so defaced as to be 
illegible : but as the remaining data are sufficient, the 
area is required. The field note« are as follow : 

• Ch. 

1. S. 60i» W. 10.34 

2. N. 27i W. 17.88 

3. N. 51 E. 15.85 
4.N,-,- E. 9.61 

5. S. — E. 19.18 

6. S. 16i R 22.21 

7. S. 71i W. 16.66 

8. N. 7U W. 5.76 

Ans. 81 A, 2R. 2^ P. 

8. In a survey, represented Fig. 81, the comer at A 
was inaccessible, occasioned by the overflowing of water ; 
but being a tree, it can be seen firom the adjacent 'cdmers 
B and L. I therefore set my instrument at B and took 
the bearing to A, which I reversed, and set in my field- 
book as the first bearing. I then proceeded to take the 
bearinss and distances of the several sides to L ; and at 
L«9 1 took the bearing of the side LA. The field-notes 
being as follow, the length of the sides AB |ind LA, and 
the area are required. 

10 
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AB, N. 51i» W. Ch. 

BC, S. 45i W. 15.16 

CD,N.50 W. 22.10 

DE, North, 18.83 

EF, N. 48 E. 22.60 

FG,N.25J W. 20.17 

GH, East, 36.57 

m, S.30i E. 22.86 

IK, S,44 W. 15.04 

KL, S. 47 E. 28.55 
LA,S.20J W. 

Ana. AB, 26.47 ch. ; LA, 23.81 ch. ; and die area 

244 A. 3 R. 13 P. 

9. In taking a survey of a tract of land bounced |y 
six straight sides, Fig. 80, I was prevented going di- 
rectly from the 3d to the 4th comer by a pond of water. 
I therefore set up two stakes near die edge of the pond, 
and took the bearing and distance from the 3d comer 
to the first stake, from the first stake to the second, and 
from the second to the 4th comer, and noted them in 
my field book as all belonging to the 3d station of the 
smrey. The field-notes being as follow, tixe bearing and 
distance of the 3d side, and the area of the surrey are 
required. 

1. . North, 7.81 Ch. 

2. S.76i° R 18.15 

( S. 52 W. 10.70 

3. 1 S. 7i W. 13.92 

^S.33^ E. 9X)0 

4. N. 84i W. 27.12 

5. N. 4i W. 22.00 

6. East, 16.58 

An$. 3d side, S. 10° 47 W. 2&42^ch. ; and aiea 
80 A. OR. 25 P. 
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PROBLEM Xn, 

To find the area, when off^-setB are taken. 

RULE. 

1. Find by the last problem, the area enclosed by the 
stationary lines and straight sides of the survey. 

2. Subtract the stationary distance of each off-set, 
from that of the one immediately following ; the remain- 
ders will be the distances, intercepted on, the stationary 
line, between each two adjacent off-sets. Place these 
under one another in a column as in the annexed exam- 
ples. Also take the sums of each two adjacent off-sets, 
and place them in the next colunm, so as to correspond 

the intercepted distances* 



3. Multiply the sum of each two adjacent off-sets by 
their intercepted distance on the stationary line ; then, 
half the sum of the products will be the area of the off 
sets on that line. 

4. If there are off-sets on more than one stationary 
Une, proceed in the same manner with the odiers. 

5. When the stationary hues are within the boundary 
of the survey, add the areas of the off-sets to the area 
enclosed by die stationary lines and straight sides ; but 
when the stationary hues are without the boundary, sub* 
tract the areas of the off-sets,* 



* DEXomrrBATZoif. Considering the boundary as straight between t]i« 
ends of each two adjacent' off-sets, it is pkin that the area contained between 
the stationary line and boundary will be divided by the 'off-sets into trape* 
zoides and triangles. Hence the truth of the rule is evident 

13* 
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Example 1. Fig. 82. * 

Required the area of a piece of a meadow, bounded on 
one side by a brook ; the field-notes being as follow : 

Left-hand ofl^ts on the stat line. 



SbL 


Biat 


OffwlK 


1. N. lej" E. 14.35 Ch. No. 1. 


0.00 Ch. 


0.30 Cb. 


2. East, 7.82 2. 


0.95 


0.84 


3. S. 3i W. 14.45 Stat line. 3. 


2.03 


0.86 


4.N.86iW.11.07 4. 


3.28 


0.50 


5. 


5.20 


1.80 


6. 


7.43 


2.35 


7. 


8.98 


1.45 


8. 


10.46 


1.08 


9. 


11.71 


1.85 


10. 


14.45 


0.35 



TbB area of the part ABCD will be found, I^ the hurt 
problem, to be 13 A. 1 R. 11 P. 
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Jhfind the area of the <ff-aet8. 



, Na 



6 



8 



10 



Sta. Dist 
Ch. 



0.00 



0.95 



2.03 



3.28 



5.20 



7.43 



8.98 



10.46 



11.71 



14.45 



OffMtS. 

Ch. 



0.30 



0.84 



0.86 



0.50 



1.80 



2.35 



1.45 



1.08 



1.85 



0.35 



Intercept 
Diat 


Soma of 
Offwts. 


Products. 








0.95 


1.14 


1.0830 


1.08 


1.70 


1.8360 


1.25 


1.36 


1.7000 


1.92 


2.30 


4.4160 


2.23 


4.15 


9.2545 


1.55 


3.80 


5.8900 


1.48 


2.53 


3.7444 


1J25 


2.93 


3.662^ 


2.74 


2J20 


6.0280 


2) 


37.6144 



18.8072 Ch. 
=1A. 3R. 21 P. 



A. R. P. 
AreaofABCD 13 1 11 
Do. of off-sets 1 3 21 



Whole area 15 32 

ExamplbS. Fig. 83. 

Requited the area of a survey from the following fidd 
notes. 



las 
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1. N. my> w. 

4. & 71i £. 
& a26i E. 
6. a 45 W. 



CiL 

ao.oo 

21.60 0taL line. 
ia44 Do. 
ia06 Do. 

ia4a Do. 

42.41 



Left hand off-setB. 
let Stationary Line. 9d Stat Line. 
Sta. Diet Off-eets. Sta. Dist Off-ecta. 
Na Ch. Ch. Na Ch. Clu 



0.00 0.50 

aio a40 



1. 

2. 
8. 
4 
& 
6. 
2d. Stat Lme. 

1. 0.00 0.55 

2. ia44 0.55 



10.15 aio 

1406 age 

19.20 2.70 

21.60 0.55 



15.15 2.45 

laoo 0.50 



1. 0.00 a55 

2. 4.20 2.50 

a ao5 a2o 

4 
5. 
4th Stat Line. 

1. 0.00 a50 

2. 5.12 2.75 

a laoo 1.90 

4 ia46 a70 



The area within the stationary lines and straight sides, 
found by the last problem, is 1152.5381 square chains. 

To Hud the area of the offsets. 



1st Stationary Line. 



Na 

1 

2 


Sta.Diit 
Cb. 


Off-eetf. 
Ch. 


Ihtercen. 
Dist 


0.00 


0.50 




6.10 


3.40 


6.10 


3 


10.15 


3.10 


4.05 


4 


14.08 


3.96 


3.93 


5 


19Ji20 


2.70 


5.12 


6 


21.60 


0.53 


2.40 



Sams of 
Off-eets. 



3.90 



Products. 



23.7900 



6.50 



7.06 



6.66 



3J25 



26.3250 



27.7458 



34.0992 



:ii 




Sd. Stationary Line. 



Na 


Sta. Dirt. 
Ch. 


Offwte. 
Ch. 


Intercep. 
Dist 


Sams of 
Offsets. 


Products. 


1 


0.00 


0.55 








2 


13.44 


0.55 


13.44 


1.10 


14.7840 



our. in.J 
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Sd. Stationaiy Line. 



K& 


Bta. Dist 
Ch. 


Ch. 


Intereep. 
Diet 


Sums of 
Offseta 


Product*. 


1 


0.00 


0.55 








2 


4.20 


2.50 


4.20 


3.05 


12.8100 


3 


8.05 


3.20 


3.85 

• 


5.70 


21.9450 


4 


15.15 


2v45 


7.10 


5.65 


40.1150 


5 


18.96 


0.50 


3.81 


2.95 


11J2395 



4tlL Stationary line. 



1 


0.00 


0.50 








2 


5.12 


2.75 


5.12 


3.25 


16.6400 


3 


10.00 


1.90 


4.88 


4.65 


22.6920 


4 


13.46 


0.70 


3.46 


2.60 


8.9960 



•2)268.9815 



Area of the off-sets 134.49075 Ch. 

Area within the stationaiy lines > 1152.5381 

1287.02885 Ch. 



128.702885 Acr 
4 

2.811540 
40 

32.46160 



Area of the survey, 128 A. 2 R. 32 P. 

U- 
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EIXAMPLB 3* 

Required the areaofameadowtroni tlie following field 
notes. 

LefUband off-eets od the stat line 







Sta. 


Dist 




OflksetB. 


1. N. 41i» E. 14.35 Ch 


. No.l. 


0.00 Ch. 


0.38 Ch 


2. S. 42^ E. 14.71 Stn. line. 2. 


2.65 




2.35 


3. S. 54 W. 16.32 




3. 


3.80 




1.70 


4.N.32iW.11.50 




4. 


6.00 




2.75 






5. 


7.50 




1.40 






6. 


9.60 




3.20 






7. 


12.38 




2.72 




/ 

• 


8. 


14.71 




0.42 


M 


Ans. Area 22 A, 


3R. 27 P. 


FiXAMPLB 4. 

• 








The following field-notes are given, to find the area 


of the survey. 
















Left-hand offwKta 




« 


On the lit ftat line. 


On the 2d. rtat Una. 




SU. 


Out 


Off-wfak Sta. Dirt. Offwia. 


Cfa. 


No. 


Ch. 


CL ] 


No. 


Ch. Ch. 


1. S. 69i° K 16.14 sta. line 1. 


0.00 


0.44 


1. 


0.00 0.31 


2.S.28 E. 9.38 Do. 


2. 


3.80 


2.00 


2. 


2.67 2.94 


3.S.32iW.21J20 


3. 


7.04 3.79 


3. 


6.20 2.62 


4.N.48 W. 22.47 


4. 


9.87 


2.34 


4. 


9.38 0.39 


5.N.26I R 19.00 


5. 

6. 


13.24 3.00 
16.14 0.31 










Ans. 


56 A. 


2R. 18 P. 
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PROBLEM Xm. 

Given the bearing and distance of two stations from each 
other and the bearings of all the comers of a tract of 
land from these stations, to find the area of the tract. 

The method of doing this will be best explained by an 
example* 

EXAHPLB 1* 

Let ABCDEFGA, Fig. 84, represent a field, all the 
angles of which can be seen from two stations, H and I, 
without it. The bearing and distance of the stations, 
and the bearings of all the angles of the field, firom each 
station, being as follow, it is required to find the area* 

The s^tion H bears from the station I, North, dist 
28 ch. 

Bearinga. 



HA 



HB 
HC 



HD 



HE 



HF 



H6 



S.8irE. 



S. 851 £. 



S. 68 R 



S. 58iE. 



S. 35} E. 



S.28iE. 



S.40 E. 



lA 



IB 



IC 



ro 



IE 



IF 



IG 



N.28i'*E. 



N. 42tR 



N. 5li R 



N. 71 R 



S. 82} R 



N. 73iR 



N. 60 R 



Construction. 



4 

Draw HI according to the given bearing and distance ; 
and firom the points H and I, draw HA, HB, HC, &c« 
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and lA, IB, IC, &c. according to the given bearings ; 
then will the intersections A, B, C, &ic. of the corres- 
ponding bearings HA* and lA, HB and IB, HC and IC, 
&c. be the angular points of the field. 

Ccdculatum. 

In each of the triangles IHA, IHB, IHC, &ic. we have 
the side IH ; and from the bearings of the sides, we have 
all the angles, to find the sides lA, IB, IC, &ic. 

Then in each of the triangles, lAB, IBC, ICD, &c. we 
have two sides, and the included angle ; whence the areas 
may be found by prob. III. 

From the sum of the areas of the triangles lAB, IBC, 
ICD, and IDE, which is equal to the area lABCDEI, 
subtract the sum of the areas of the triangles lAG, IGF 
and IFE, which is equal to the area lAGFEI ; the re- 
mainder vrill be the area of the field ABCDEFGA. 

Note. — ^In working the proportions for finding the sides 
LA, IB, &c. it will be unnecessary, when the arta only 
is required, to take out the natural numbers correspond- 
ing to the logarithms of those sides ; because in the pro- 
portions for finding the areas it wiU be sufficient to know 
the logarithms of the sides, without knowing their real 
lengths. 

To find the log. of lA, 

As sin. HAI, 70*^ (Xy 9.97299 

: sin. AHI,8130 9.99520 

: : m, 28 1.44716 



11.44236 



: lA^ log. 1.46937 
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Tofindthehg.<^lB. 

As Bin. HBI 52* 0(y 9.89653 

: 8m.Bffl85 45 9.99880 

: : ffl 28 1.44716 



11.44596 



: IB --.-.- 'log. 1.54943 

Tofindtht log. of IC. 

As sin. Ha 60° 3(y 9.93970 

: sm.Cffl68 00 9.96717 

: : m 28 1.44716 



11.41433 



: IC log. 1.47463 

Tofindthelog.aflT). 

As sin. HDI 50° 45' 9.88896 

: sin. Dm 58 15 9.92960 

: : IH 28 1.44716 



11*37676 
.ID - - log. 1.48^80 

To find the log, (fJK 

As sin. HEI 4r 00 9.86413 

: 8in.EIfl35 30 9.76395 

: : IH 28 1.44716 



IlJ^llll 



• 



IE log. 134698 



\ 
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Tojind the hg. of IF. < 

As sin. HFI 78° W 9.99040 

: 8iii.Fffl28 30 9.67866 

: : ffl 28 1.44716 

11.12582 
: IF log. 1.13542 

Tojind the log. of IG. 

Afl sin. HGI 80" 00^ 9.99335 

: sin. cm 40 00 9.80807 

: : ffl 28 1.44716 

11J25523 

: IG log. 1J26188 

To find the doulJe area of the triangie I AB. 

Asrad. 10.00000 

: sin. AIB 13° 45' - - - - - - 9.37600 

TAwTO-^IA log. 1.46937 

: 2IAB248J2 2.39480 

To find the double area of the triangle IBC. 

Asrad. 10.00000 

: 8m.BIC9M5' 9.20613 

TOx/TP 5 IB log. 1.54943 

::IBxIC, Jj^ _± ^^^^ 

i 2IBC 169.9 2.20319 



I 
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To find the double area of the triangle ICD. 

Asrad. -•- 10.00000 

: Bjn. Cn) IS" 30^ 9.52350 

• m UC log. 1.47463 

: 2ICD, 306.15 2.48593 

To find the douMe area cfthe triangle IDE. 

Asrad. 10.00000 

: sin. DIE 26° 30^ 9.64953 

•IDvIE.{°^ ^^'S- ^'^^ 

..1DX11S^I£ 1.34698 

: 2IDE 305.007 2.48431 

To find the double area <fihe triangle lEF. 

Asiad. - - - - 10.00000 

. Bm.EIF24°0tf 9.60931 

::lExlt,Jjp 1.13542 

: 2IEF 123.511 2.09171 



< 



To find the double area cfthe triangle IF6. 

Asrad 10.00000 

: sin. FIG 13° 30^ 9.36818 

TO.xr. ^IF log. 1.13542 

::IFxIG,JiQ _1 Ijj6l88 

: 2IPG 58.274 1.76548 
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To find the double area of the triangle lAG. 

As rad - 10.00000 

Bin.AIG31'30 9.71809 

••lAylG JIA - - - - log. 1.46937 
..lAX/u, JiQ , . . , 1.26188 

: 2IAG 281.412 2.44934 

Ch. Ch. 

2IAB - - - 248J2 UlEF 123.511 

2IBC - - - 169.9 2IFG 58J274 

3ICD - - - 306.15 2IAG 281.412 

2IDE - - - 305.007 

2IAGFEI 463.197 

2IABCDEI 1029.257 
2IAGFEI 463.197 

2ABCDEFGA 566.060 . 

ABCDEFGA 283.03 Ch.=21 A. 1 R. 8 P. 

The bearings and distances of the sides, if required, 
might readily bo obtained* For, having found the dis- 
tances lA, IB, we have in the triangle LAB, two sides, 
and an included angle ; whenbe the angle I AB and side 
AB may be found. The angle lAB applied to the bear- 
ing of lA, will give the bearing of AB. In the same 
manner the bearings and distances of the otlier sides 
may be found. 

EXAMPLE 2. 

Being required to calculate the area of a field, the 
owner of which refuses permission to go on it, I choose 
two stations, F and G, in the adjacent land, from whence 
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all the angles of tho field are visible. The bearing and 
distance of the stations, and the bearings of the angles, 
from each Station, are as follow. What is the area of 
the field ? 

The station G bears from the station F, N. 43"* W. 
20 ch. 





Bearings. 


GA 
GB 
GC 
GD 
GE 


BearingB. 


FA 


N 25i° E. 


S. 66° R 


FB 


N. 19 W. 


N. 23 E. 


FC 


N. 5 W. 


N. 38i R 


FD 


N. 16 E. 


N. 60i E. 


FE 


N. 60i E. 


S. 84 E. 



Ana. 33 A. 1 R. 7 P. 



PROBLEM XIV. 

To find the area of a survey by protracting it^ and dividing 
the plot into triangles and trapeziums. 

The method of doing this will be easily understood 
firom the following example. 

EiX AMPLE 1. 

Given the bearings and distances of the sides of a 
tract of land as follow : 1st. N. 50" E. 9.60 ch. ; 2d. S. 
32* R 16.38 ch. ; 3d. S. 41° W. 6.30 ch. ; 4th. West, 
8.43 ch. ; 5th. N. 79° W. 10.92 ch. ; 6th. N. 5° E.' 11.25 
ch. ; 7th. S. 83° R 6.48 ch. ; to the place of beginning. 
Required the area. 

Fig. 75, is a plot of this survey : and by drawing the 
lines as in the plot, it is divided into two trapeziums 
AGFE, AEDF, and a triangle BDC. Measure the 
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several bases and perpendiculars, on the same scale tliat 
was used in the protraction, and find the double areas of 
the triangle and trapeziums by probs. 2 and 6 ; the sum 
of these will be the double area of the survey. 



Perpena. 

EG 16.68X \ 5J 4 ^ ] L203.6628=2 AGFE 

EB 19.17X [ Di8 10 ( =267.4215=2 AEDB 
BD 19.23 X Ce5.16 = 99.2268=2 BDC 



2)570.3111 ch.=2 ABCDEFG 

285.15555 ch.=28A. 2R. 2P. 
= the area required. 

EXAMFLB 2. 

The following field-notes are giyen to protract the 
survey and find the area. 

« 

Ch. 

1. N. 15" OO' E. 20 

2. N. ar 30^ E. 10 
'3. East 7.50 

4. S. 11* OO' E. 12.50 4 

5. South 13.50 

6. West * 10. 

7. S. 36" 30^ W. 10. 

8. N. 38» Iff W. 8.50 

Ans. 46 A. 2 R. 9 P. 



CHAPTER IV. 



LAYING OUT AND DIVIDING LAND. 

PROBLEM I. 
To lay ma a given quantity of land in a square form. 

KCLE. 

Reduce the given quantity to chains or perches, and 
extract the square root, which will be the length of a 
side,^ of the same denomination to which the given quan- 
tity is reduced. 

EXAMPLES. 

1. Required the side of a square that shall contaio 
yA. 3R. 28P. 

40)28 Per. 

4)3.7R. 

9.925 A.=99.25 ch. 

Ch. 
99J25(9.96 ch. the length of a ode. 

81 



189)1825 
1701 



1986)12400 
11916 

484 
11 109 
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2. Required the side of a square tract of land that 
shall contain 325 acres. Ans. 57 chains. 



PROBLEM n. 

To lay oui a given quantity of land in a rectangular form j 

having one aide given. 

R0LB. 

Divide the given content by the length of the giTen 
side, the quotient will be the length of the required side. 

BXAMPLES. 

1, It is required to lay out 120 acres in a rectangular 
form, the length of one side being given, equal 100 
perches. 

Acres. 

120 

4 

480 
40 



1,00)192,00 

192 Per. the length of the other side. 

2. The length of a rectangular piece of land is 8 
chains ; what must be its breadth, that the content may 
be 5 acres? 

Ans. 6J25 chains. 
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PROBLEM HI. 



To lay out a given guantiiy ofUmd in a rectangular f or m^ 
having the length to the breadth, in a given ratio. 

BI7LB. 

As the less number of the given ratio, 
Is to the greater ; 
So is the given area, 
To a fourth term.* 

The square root of this fourth term will be the length 
required. Having the length, the breadth may be found 
by the preceding problem. Or it may be found in the 
same manner as the length. Thus, 

As the greater number of the given ratio. 

Is to the less ; 

So is the given area, 

To a fourth term. 

The square root of this fourth term will be the breadth 
required. 

BXAMPLBS. 

1. It is required to lay out 864 acres in a rectangular 
form, having the length to the breadth in the ratio of 
5 to 3. 



* DEMcnarrsATiox Let ABCD, Fig. 85, be a rectangle, and ABFE and 
AHGD be sqoares on the greater and le^ sides respectively : then (1.6) AD 
: A£(AB) : : the rectangle AC : squareAF. AlsoAB : AH (AD) : : thtt 
rvctangie AC : fl^nare AG. Hence the troth of the rale is evident. 
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864A=138240P. 

Sq. P. Sq, P. 

As 3 : 5 : : 138240 : 230400 
y/ 230400=480 Perches, the length required. 

Sq. P. Sq. P. 

As 5 : 3 : : 138240 : 82944 
V' 82944=288 Perches, the breadth required. 

2. It is required to lay out 27 A. 3 R. 20 P. in a rect- 
angular form, having the length to the breadth in the 
ratio of 9 to 7. Ans. Length 75.725 P. Breadth 58.897 P. 

PROBLEM IV. 

To lay out a given quantity of land in a rectangular 
form^ having the length to exceed the breadth by a given 
difference. 

RULE. 

To the given area, add the square of half the given 
difference of the sides, and e^itract the square root of the 
sum ; to this root, add half the given diiSerence for the 
greater side, and subtract it therefrom for the less.* 



* DsMOinrnuTioH. Let ABCD, Fig. 86, be a rectangle ; in DC let DE 
be taken equal DA or BC, and let EC be bisected in F ; then (6.2) DP= 
DC X DE-f- FC2=DC X AD+ FC2= the rectangle AC-h the square of half the 
diflbrence of the aides DC, DA ; also DF+FC=DC, Uie greater side, and DF 
^FC=D£ or DA, the less side. 

This problem may be neatly constructed thos: take EC equal the given 
difierence of the sides and bisect it in F ; make EG perpendicular to EC and 
equal to the square root of the given area, and with the centre F and radius 
F6 describe the arc DG meeting CE produced in D : make DA perpendic- 
ular to DC and equal to DE2, and complete the rectangle ABCD, wliich will 
be the one required. Since (47.1.) FG«=EG8-hEF»=the given area-fthe 
square of half the given difierence of the sides, the truth of the construction 
is plain, from the preceding demonstration. 
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EXAMPLES. 

1. It IS required to lay out 47 A. 2 R. 16 P. in a rect- 
angle, of which the length is to exceed the breadth by 
80 perches. 

2)80 R 47 A. 2 R. 16 P.=:7616 Per. 

— * 1600 



40 



40 x/ 9216=96 
half diff. add and subtract 40 



1600 



length 136 

breadth 56 

2. It is required to lay out 114 A. 2R. 33.4 P. in a rect- 
angular form, hating the length to exceed the breadth 
by 15.10 ch. Ansl Length 42.25 ch. Breadth 27.15 ch. 

PROBLEM V. 

To lay out a given quantity of land in the form of a tri- 
angle or parallelogram^ one side and an adjacent angle 
being given. 

RULE. 

For a triangle. 

As the rectangle of the given side and sine of the 
given angle, 

Is to twice the given area ; 

So is radius, 

To the other side, adjacent to the given angle. 

Then having two sides and the included angle given, 
tlie other angles and side, if required, may be found by 
trig, case 3. 



J 
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For a parallelogram. 

As the rectangle of the given side and sine of the 

given angle, 
Is to the given area ; 
So is radius, 
To the other side, adjacent to the given angle.* 

EXAMPLES. 

1. Let AB, BC, Fig. 87, be two sides of a tract of land; 
the bearing of AB is S. 87i^ W. dist. 16.25 ch. and the 
bearing of BC, N. 27^** E. ; it is required to lay off 10 
acres by a straight line AD, running from the point A, 
to the side BC. 

Bearing of BA, N. 87i*^ E. 
BC, N. 27i E! 



P 



Angle B, 60^ 

A- A nvxo;« n 5 AB 16.25 ch. - - Ar. Co. 8.78915 
AsAl5Xsin.l5jgj^ g .gQo . . 0.06247 

: twice the given area 200 sq. ch. - - 2.30103 
::rad. 10.00000 



: BD 14.21 ch. 1.15265 



* OsaioiiBntATioN. It is demonstrated, prob. a chap. 3, Content of Land, 
that rad. : sin. B : : ABxBD : 2ABD (see Fig. 87); therefore (1.6 cor.) 
radxAB : 8in.BxAB : : ABxBD : 2ABD,or(16^)8in.BxAB:2ABD 
: : Tad.xAB : ABxBD : : rad. : BD. Since ABDF ia equal to 2ABD, 
the truth of the rule for the parallelogram is evident 

This problem may be constructed as follows ; take AB equal the given 
aide and draw BC making the angle B equal to the given angle ; make BE 
perpendicular to AB, and equal twice the given area of the triangle divided 
by the given side, or equal the given area of the parallelogram divided by 
the given side ; and parallel to AB, draw EF cutting BC in D, and join DA ; 
then will ABD be the triangle required ; or complete the parall6k)gmn 
ABDF, for the one required. The reason of the construction is plain. 
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2. Given the side AB, Fig. 15, of a pafaUelogram, 
equal 20 ch. and the angle A 63"" SQf; required the side 
AC, that the content may be 21i acres. 



Aa ATiN/a;^ A 5 A'^ 20 ch. Ar. Co. 8.6^897 
AB Aux sin. A J gj^^ ggo g^y 0.04821 

: the given area 215 sq. ch. 2.33244 

::rad. 10.00000 



: AC 12.01 ch. ^ 1.07962 

3. Given one side of a triangle, equal 30 perches, an 
angle adjacent to this side 71^ 15', and the area 2 acres ; 
required the other side adjacent to the given angle. 

Ans. 22.53 perchos. 

4. Given one side of a paraDelogram, equal to 32.26 
ch., an angle adjacent to this side 83^ 30^, and the area 
74 acres ; required the other side adjacent to the given 
allele. Ans. 23.09 ch. 



PROBLEM VI. 

'ITie area and base of a triangle being given^ to cut of a 
given part of the area by a line running from the angle 
opposite the base* 

RULE. 

As the given area of the triangle. 

Is tor the area of the part to be cut off; 

So is the given base, 

To the base corresponding to that area.* 



* The truth of this rule is manifest from 1.0. 

Y 
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EXAHPLBS. 

L Given the area of the triangle ABC, F-g. 88, equal 
650 square perches, and the length of the mse AB, 40 
perches ; it is required to cut off 290 perches towards the 
angle A, by a line running from the angle C to the base. 

ABC. ADC. AB. AD. 
As 650 : 290 : : 40 : 17.85 per. 

2. In a triangle ABC, there are given the area 27 A. 
I R. 16 P. and the base AB 35.20 ch., to cutoff 10 acres 
towards the angle B, by a line CD running from the 
angle C to the base : the part BD of the base is required. 

Ans. 12.87 ch. 

PROBLEM Vn. 

The area and hvo sides of a triangle being given^ to cut 
(ff a triangle containing a given area, by a line running 
from a given point in one of the given sides^ and falling 
on the other. 

RULB. 

As the given area of the triangle, 
Is to the area of the part to be cut off; 
So is the rectangle of the given sides. 
To a fourth term. 

Divide this fourth term by the distance of the given 
point from the angular point of the two given sides ; the 
quotient will be the distance of the required point from 
the same angle.'* 



* DmoNBTRATiOH. From the demonstntioD to prok 8, chap. S, we htvOt 
Fig. 89. nd. : on. A : : ABxAC : 2ABC, and red. : ein. A : : APxAG 
: 2APG; therefore (11 &16.5) 2ABC : 2APG : : ABxAC : APxAG.or 
(15.5) ABC : APG : : ABx AC ' APxAG; hence the truth of the role ii 
auuiifeet 
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EXAMPLES. 



1. Given the area of the triangle ABC, Fig. 89, 5 
acres ; the side AB 50 perches, the side AC 40 perches, 
and the distance of a point P from the angle A,, 36 
perches ; it is required to find a point 6 to which, if a 
line be drawn from the point P, it shall cut off a triangle 
APG containing 3 A. R. 20 P. 

As the triangle ABC 800 sq. p. Ar. Co. 7.09691 
; the triangle APG 500 2.69897 

...ABvAoJ^^ 50 1.69897 

..AUXAOj^(. 40 1.60206 

: APxAG 3.09691 

AP 36 log. 1.55630 

AG 34.72 per. * 1.54061 

2. Given the area of a triangle ABC, 12 A. 1 R. 23 P. 
the side AB 20 ch., the side AC 16.25 ch., and the dis- 
tance of a point P in the side AB, from the angle A 8.50 
ch. ; it is required to find the distance AG of a point G 
in the line AC, so that a line drawn from P to G may 
cut off a triangle APG containing 3 acres. Ans. 9.25 ch. 

PROBLEM Vffl. 

The area and base of a triangle being given^ to cut ^ a 
triangle containing a given area^ by a line running pa-^ 
rallel to one of the sides. 

RULB. 

As the given area of the triangle, 
1 Is to the area of the triangle to be cut off; 
So IS the square of the given base. 
To the square of the required base.* 



173 UkTmo OUT Ain> bivibikg land* [chap. it. 

The square root of the result wiU be the base of the 
required triangle.* 



BXAMPLES« 



1. Given the area of the triangle ABC, Fig. 90, 500 
square perches, and the base AB 40 perches ; it is re- 
quired to cut off 120 sq. per. towards the angle A, by a 
line DG running parallel to the side BC. 



X 



As the triangle ABC 500 - - - Ar. Co. 7.30103 

: the triangle ADG 120 - - * - - • - 2.07918 

. . ™ 5 AB 40 1.60206 

• . AiJ < AB 40 1.60206 



: AD» 2)2.58433 

AD 19.6 per. 1.29216 

2. Given the area of a triangle ABC, 10 acres, and 
the base AB 25 ch., to find BD a part of the base, so that 
a line DG running from the point D, parallel to the side 
AC, may cut off a triangle BDG containing 4^ acres. 

^1»5.BD= 16.77 ch.t 



* The truth of this rale is manifbflt from 10.3. 

This problem may be neatly constructed as follows: Let ABC, Fig. 90, be 
the given triangle, and AB the given base ; on AB describe the semicircle 
AEB, and take AF to AB in the ratio of the part to be cut o% to the whole 
Wangle ; draw FE perpendicular to AB, meeting the semicircle in E, join 
AE, and make AD equal to AE ; from D draw D6 parallel to BC and the 
thing is done. For, join EB, and we have, by similar triangles, AB : AE 
: : AE : AF; therefore (20.6 cot. 2.) AB : AF ' : AB^ : Al? (AD^i) 
: : [19.6] ABC : ADG. 

* 

t If it be required to produce two sides of a given triangle so &r that the 
triangle formed by these sides produced, and a line drawn between them 
parallel to the third side, may contain a given area, it may be done by the 
above rule. Thus, Hg. 90, ADG : ABC : : ADS : KSfk 
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PROBLEM DL 

The bearings of two adjacent sides AD, AE, Fig. 91, ^ a 
/roc/ of land being given^ to cut off' a triangle ABC cons 
taining a given area by a line BC running a given course. 

RULE. 

From the giyen bearings of the lines, find the angles 
A, B, and C ; then, 

As the rectangle of the sines of the angles A and B, 
Is to the rectangle of radius and sine of the angle C ; 
So is twice the given area. 
To the square of the side AB.'* 

In like manner the other sides may be found; or 
having fi>und one side, the others may be found by trig, 
case 1. 

EXAMPLES. 

1. Let the bearing of AD, Fig. 91, be N. ST SC E. 
and of AE, N. 27^ S^E. ; it is required to cut off 10 
acres by a line BC running N. SS" W. 



* The troth of this rule is evident from the demonfitration to pn>h. 4» 
ebapi a 

Qnuiructunu Draw AD, AE, (^g, 92,) according to the given hoaringSi 
and in AD take AF equal the square root of the given area, and on it describe 
the square AFGH ; make I£=AI, and draw ED, according to the reverse 
bearing of the division liue BC, meeting AD in D ; on AD describe a^ semi- 
circle, and produce GF to meet it in K, join AK and make AB equal to it ; 
draw BC parallel to DE, and ABC will be the triangle required. For join 
IF, EF and KD; then (31.3, and cor. 8.6) AD : AK (AB) : : AK (AB) 
: AP ; or (cor. 19.6) AD : AF : : ADE : ABC ; but (1.6) AD : AF 
: : ADE : AFE; therefore (11.5) ADE : ABC : : ADE : AFE, and oqd^ 
■equently (9.5) ABC=AFE; but because AI=IE, AFE=2AFI=(41.1) 
AFGH; therefore ABC=AF6H=:the given area of the triangle. 
15* 
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AD,N.8r3(yE. 
AE,N.27 30 E. 



BAjS-sracw. 

BCN.38 00 W. 



CA, S. 2r SO' W. 
CB,S.38 00 E. 



Angle A, 60 00 125 30 Angle C, 65 30 

180 00 



Angle B, 54 30 

A • A v^ • n ^ A 60* 00 Ar. Co. 0.06247 
Assin. Axsm. D, <gg^ g^j _ 0.0893i 

A^ ' r \C65 30 9.95902 

: riui.X8m.t^, j^^^ 10.00000 

: : twice the given axea, 200 sq. ch. - - - 2.30103 
:AB» 2)2.41183 

AB 16.07 1.20591 

2. Given the bearing of one side of a tract of land, 
S. 53" 15' EL, and the bearing of an adjacent side tak6n 
at the same angle, N. 55° 00 EL, to cut off 4 acres by a 
line running N. 4° 00 W. ; required the distance on the 
first side. Ans. 9.76 ch. 



PROBLEM X. 

T%e bearings of three adjacent sidesy EA, AB, BF, Fig. 93 
or 94, of a trad of land^ and the length of the middle 
side AB, being given^ to cut ^ a trapezoid ABCD, con- 
taining a given area, by a line DC, parallel to AR 

BULB. 

From the given bearings find the angles A and B ; add 
these together, and take the difference between their sum 
and 180°, and call it P. Then, 

As the product of the sines of A and B, 
Is to the product of radius and sine of P ; 
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So is twice the area to be cut off, 
To a fourth term. 

When the sum of the angles A and B is greater than 
180® add this fourth term to AB* ; but when the sum of 
these angles is less than 180% take the difference between 
this fourth term and AB*. The square root of the re- 
sult will be DC. Then, 

« 
« 

As the sine of P, 

Is to the sine of B, 

So is the difference between DC and AB, 

To AD.* 



* DcMoiiaTKATioif. Produce EA and FB» Fig. 95, to meet in P. Then 
(19.6) PDC : PAB : : CD2 : ABa, or (17.5) ABCD : PAB : : CDS—AB^ 
: \^ or (A.5) PAB : ABCD : : ABl : CDS— AB^, or (15,16.5) 2PAB : AB« 
. : 2ABCD : CDS — ^aB^. But by the demonstration to prob. 4, chap. d» 
2PAB : AB2 : : sin. Axsin. B : rad.Xsin. P. Consequently, (11.5) 

sia Axsin. B : rad.X8in. P : : 2ABGD : CDs— AB9. 

Now it is plain that ABS, added to this fburth term, gives CD^. A similar 
iemonstiation applies when the sum of the angles A and B is less than 190% 
as in Fig. 94» The latter part of the rule does not require demonstration. 

^Onutruction, Draw AI, Fig. 93, perpendicular to AB, and make it equal 
to the quotient of twice the given area divided by AR From I, draw IH 
parallel to AB meeting A£ and BF, in 6 and H, and on GH* describe the 
semicircle GMH. From A, draw AL parallel to BF ; and make LM perpen- 
dicular to GH. With the distance HM and centre H, describe the arc MN; 
and from N, draw ND parallel to AL. Lastly, draw DC parallel to AB, and 
it will be the division line required. For join BD, BG, and CG, Fig. 95. 
Then by similar triangles PG : PD : : GH : DC : : GH : HM : : HM 
: HL : : DC : AB : : PC : PB. Hcnco (3.6) CG is parallel to BD ; and 
consequently the triangle BDC is equal to BGD. To each of these, add ABD. 
Then we have ABCD== ABG. But it is plain from the construction that ABG 
is equal to the given area. Hence ABCD is equal to the given area. 

When the sum of the angles A and B is less than 160^, as in I^g. 94^ 
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, EXAMPLRS. 



1. Given the bearing of EA, Fig. 93, West, AB, N. 
10* E. dist 15 ch. ; and BF, N. 58° SC E. to cut off 10 
acres by a line CD, running parallel to AR Required 
the length of the. division hue and the ^tance AD. 

AE, N. 90' R BF, N. 58' 30^ E. A, 80' & 

AB,N. 10 E. BA,S. 10 OW. B, 131 30 

A = 80" 48' 30 211 30 

180 180 

B=131 30 P=31'30' 



/ 



Assin AvsinB 5^» ^'^ ^'•- ^- ^'^^^^ 
A8 8m.AXsm.u,<g J3J 3(j 0.12554 

•Radysin.P >^^- 10.00000 

.itaa,XBm.r, J p^ 31 30 .... 9.TI8O9 

: : twice the ^ven area 200 sq. ch. • - - 2.30103 

: fourth term 141.68 2.15131 

AB^=225. 

DC= v/ 366.68= 19.15 ch. 

A8 8in.P, 31' 30^ - - Ar.Co. 0.28191 

: sin.B, 131 30 9.87446 

: : DC— AB, 4.15 0.61805 

: AD 5.95 0.77442 



^•m 



thi> semicircle must be described on AB; the point L mast be deter- 
miaid by drawing 6L parallel to FB : and the arc MN mnst be described 
wilh the radios BM and centre R The other parts of the construction are 
the same as before. 
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2. Given the bearings of three adjacent sides of a 
tract of land and the length of the middle one as follow ; 
1st. N. 20^ W. ; 2d. N. 60^ 30f E. dist. 6 ch. } 3d. S. 61^ 
3<y £. ; to cut off a lot containing 2^ acres, by a line 
parallel to the 2d side. Required the length of the di- 
vision line and the distance on the 1st. side. 

Ans. • Division Une 8.70 ch. ; distance on 1st. 

side 3.45 ch. 

3. Given as follow; 1st. side N. 3V 15' W.j 2d. N. 
58^ 45' E. dist. 13.50 ch. ; 3d. S. 14' 45' R ; to cut off 8 
acres by a line parallel to the 2d. side. Tlie length of 
the division line and the distance on the 1st. side are re- 
quired. Ans. Division line 11.61 ch.; distance on 

the 1st. side 6^8 ch. 



PROBLEM XI. 

The bearings of three adjacent sides EA, AB, BF, Fig. 96, 
rfa trad ofland^ and the length of the middle side AB 
heing giveuj to cut off a trapezium^ ABCD, containing a 
given area^ by a Kne CD, running a given course. 

BULB. 

Draw AS parallel to BF, meeting CD or CD pro- 
daced, in S. From the given bearings, find the interior 
angles A, B, C, and D ; add A and B together, and take 
the difference between their sum and 180% and call it P. 
Then, 

As the product of the sines of C and D, 
Is to the product of radius and sine of P ; 
So is twice the area to be cat ofl^ 

To a fourth term. 

Z 
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Also, as the product of the sines of C and D, 
Is to the product of the sines of A and B ; 
So is AB% 
To a fourth term. 

When the sum of the angles A and B, is greater thah 
180% add these two fourth terms together; hut when 
the sum of these angles is less than 180% take the differ- 
ence of the fourth terms. The square root of the result 
will be CD. Then, .. 

As, sm. C : sin. B : : AB : CS. 
The difference between CD and CS, gives DS. TJien, 
As, sin. P : sin C : : DS : AD.* 



* DmommuLTioir. Prodace EA and FB, Fig. 07, to meet in P ; draw AR 
and BU, each parallel to CD, and let VW, also parallel to CD, make tlie 
triangle PVW equal to PAR Then (15.6) PA : PV : : PW : PB; but 
(4.6) PA : PV : : AR : VW, and PW : PB : : VW : BU. Therefore 
aL5) AR : VW : : VW : BU, and hence (17.6) ARxBU=VW8. But 
bjT trigonometry, 

Aa sin. ARB (sin. C) : sin. B : : AB : AR, 
sin. AUB (sin. D) : sin A : : AB : BU. 

Hence (23.6.yAs sin. Cxsin. D : sin. Axsin. B : : AB3 : ARxBU 
Or, 8in.CXBin.D : BmAX8in.B : : AB^ : VW9. 

And by the demonstration to the rule in the last problem, we have 
sin. Cxsin. D : rad.Xsin. P : : 2VWCD (2ABCD) : CD«^VW». 

The sum of these iborth terms gives CD^. The demonstration is similar, 
when the sum of the angles A and B is less than 180^. 

Ckniitruction, From B, Fig. 96, draw BU according to the reverse bear- 
ing of the division line* DC, meetmg EA or EA produced in U. Make AI 
perpendicular to AB, and equal to the quotient of twice the given area, divi- 
ded by AR Draw IG parallel to AB ; GH parallel to BU ; and UL parallel 
to BF. On GH, describe the semicircle GMII, and make LM perpendicular 
to GH ; with the radius HM and centre H, describe the arc MN ; and from N, 
draw ND parallel to UL. From D, draw the division line DC parallel to B[T. 
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BXAiara£8. 

1. Let the bearings of £A, Fig. 96, be N. 80° 3ty W. ; 
AB, North, dist. 12 ch. : and BF, N. 58° E. ; it ia re- 
quired to cut off 10 acres bjr a line DC, runniiilg N. 14" 

3a w. 

AE, S. 80° 30^ E. BF, N. 58° E. CB, S. 58° Oa W 
AB,N. 00 E. BA,S. E. CD,S. 14 30 E 

80 30 58 C=72°30' 

180 180 

A= 99° 30^ B=122 • 

DA, N. 80° 30^ W. A = 99° 30^ 

DC, N. 14 30 W. B=122 00 

D=66°00' 221 30 

180 00 

P=41 30 

*--;« r-xxaSn n5C,72°30'- - -Ar.Co. 0.02058 
AB sm. v^xsin. ^ ^ D^66 00 . . . 0.03927 

. r-HN/oin P J"^- 10.00000 

. rafl.xsm.r, ^p4X3o. . . . . 9.82126 

: : twice the given area 200 sq. clu - - - 2.30103 
. fourth term 152.1 2.18214 



When the som of the angles A and B b less than 180^, the semicircle 
most be described on BU; the point L must be determined by drawing GL 
parallel to BF, and the arc MN must be described with the radius BM and 
centre Bl 

The demonstration is exactly the same as that for the ooostmctioa of th« 
!ast problem. 

12 
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ABem.K.XBm.u,<jy gg^ _ 0.03927 

• A s, • n 5 A 99 30 9.99400 

; 8in.AX8m.JJ, <g J22 00 9.92842 

.p, 5AB12 1.07918 

''''^^, JaB12 1.07918 

: fourth tenn 138.24 -• 2.14063 

fourth term 152.10 

DC=v/ 290.34= 17.04 

As Bin. C 72° 3ff Ar. Co. 0.02058 

: sin. B 122 00 9.92842 

::AB12 1.07298 

; CS 10.67 1.02818 

DC 17.04 

DS 6.37 

AB8in.P4r30' Ar. Co. 0.17874 

: sin. C 72 30 * - 9.97942 

:: DS 6.37 .... 0.80414 

: AD 9.17 0.96230 

2. Given the bearings of three adjacent sides of a tract 
of land and the length of the middle one as follow : Ist 
N. 31' 15' W. ; 2d. N. 58° 45' E. dist. 13.50 ch. ; 3d. S. 
14° 45^ R; to cut off 8 acres by a line from the 1st. side 
to the 3d. running S. 8"/'° 30* £!. ; required the length of ■ 
the division line and the distance on the 1st side. 

Ans. Division line 12.76 ch. ; distance 
1st. side 2.69 ch. 

3. Given as follow ; 1st side, N. 74° 45' W. ; 2d. N. 
Srr E. dist. 17.24 ch. ; 3d.N. 84°E.; to cut off a field 
containing 20 acres, by a line from the Ist. side to the 3d 
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running N. 20"* E. The length of the division line and 
the distance on the 1st side are required. 

Ans. Division line 19.68 ch. ; distance 
on 1st. side 14.01 ch. 



PROBLEM Xn. 

The bearings of several adjacent sides, EA, AV, V W, WX, 
XB, BF, Fig. 93, of a tract of land, and the distance of 
eachj except the first and lasf, being given, to cut off a 
given area, by a line DC, running a given course. 

RULE. 

« 

Join AB and calculate the area of AV WXBA, and 
the hearinor and distance of AB. Subtract the area of 
AVWXBA from the area to be cut off, the remainder 
wiU be the area of ABCD. Then with the bearings of 
EA, AB, BF, DC, the distance AB, and the area of 
ABCD, proceed as in the last -problem. 

EXAMPLES. 

1. Let the bearing of EA, Fig. 98, be N. 48° SC W. 
AV,.S. 78'W.dist. 8ch.; VW, N. 26' 30/ W. dist. 
11.08 ch. J WX, N. 38° SC E. dist. 12.82 ch.; XB, S. 
64° E. dist. 10.86 ch. ; and BF, S. 86° R It is required 
to cut off 30 acres by a Hne DC, running N. 32° l5' R 



StaL Besiing. 


Diflt. 


N. 


& 


E. 


W. 


E.aD. 


W.D.D. 


Multi- 
pliers. 


N.Ar. 


S. Areact. 


AV 

VW 

WX 

XB 

BA 

1 


&78*»W 


aoo 

11.08 
12.82 
10.86 
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Area to be cut off 300. 
Area of AVWXBA 217.69775 

Area of ABCD 82.30225 

As diff. of lat. of BA, 13.52 S. Ar. Co. 8.86902 

: dep. do. - - 4.96 W. - 0.69548 

::rad. 10.00000 

: tang of bearing of BA,%. 20* 9'W. - - - 9.56450 



/ 



Asrad. Ar.Co. 0.00000 

: sec. of bearing 20' 9* 10.02743 

:; diff. of lat. 13.52 ..... 1.13098 

: BA 14.40 1.15841 

The angles, found from the bearings, are A=lll° 21', 
B=106" 9*, 0=61° 45', D=80» 45' and P=37"' SO*. 

Assin C^sin dJ^'^1°^5'- " "Ar.Co. 0.05508 
AS sin. uxsm. IJ ^ D^ 80 45 - - - 0.00568 

• radxsinP- 5™^' - ----- - 10.00000 

. raa.xsm.r, J p^ 37 30 9.78445 

• : twice the area ABCD 164.6 sq. cb. - • 2.21643 
: fourth term 115.25 2.06164 

AS sm. i^xsm. L», < jj^ gQ ^ _ 0.00568 

•sinAxsinB 5^,11121 - - - - 9.96912 
. sm.AXBm.«, <B^ jQg 9 .... 9.98251 

. . ARi 5 AB, 14.40 ... - 1.15836 

"^^ j AB, 14.40 - - - . 1.15836 

: fourth term 213J6 2.32911 

do. 165.25 

DC=^/ 328.61 =18.13 



CBAP. IT.] LATnfa OUT AMD MTIIMNa UkHD, 183 

As BID. C,. 61° 45' At. Co. 0.05508 

: Bin. B, 106 9 9.98251 

: : AB, 14.40 1.15836 

: CS, 15.70 1.19595 

As sin. P, 37** 30^ Ar. Co. 0.21555 

: sin. C, 61 45 ...... 9.94492 

::DS,2.43 0.38561 

: AD, 3.52 0.54608 

2. Given as follow; 1st side, N. 62° 15' W. ; 2d. N. 
19° E. dist 18 ch. ; 3d. S. TT E. dist. 15.25 ch. ; 4th. & 
27° EL ; to cut off 35 acres by a line, from the first side i^ 
to the last, running N. 82° 30' E. Required the length 
of the division line, and the distance on the first side. 

Ans. Division^ line 22.98 ch. ; distance on 1st. 

side 5.14 ch. 



PROBLEM Xra. 

7%e bearings of several adjacent sides, AB, BC, CD, DE, 
Fig. 99, of a tract cfland, and the distance of each, ex- 
cept the last, being given, to cut o^ a given area by a line 
AH running' from the angle A, and falling on the 
side DE. 

ROIiB. 

!^y Prob. 9, chap. 1, change the bearings of all the 
given sides, so as to make the side, on which the division 
line is to fall, a meridian. , 

With the given distances and changed bearings, find 
the corresponding differences of latitude and departures; 
add together the numbers in each departure column, 
and take the difference of their sums, which will be the 
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departure of the division line, and must be placed in the 
proper column, opposite said line. Tlien having all the 
departures, find Ae double departures, as in Prob. 11. of 
the last chapter. Find also the midtipUers, beginning 
with the one to correspond with the division hne, and 
assuming it ; multiply the known differences of latitude 
by their corresponding multipliers, and place the pro- 
ducts in the proper colunms of north and south areas. 

Add together the products in each of the columns of 
areas, and subtract the less sum from the greater ; take 
tlie difference between the remainder and double the area 
to be cut off, and divide it by the multiplier correspond- 
ing to the side on which the division line is to fall ; the 
quotient will be the difference of latitude of this side, 
which place against it, in the column of north or south 
latitude, according as its changed bearing is north or 
south. Then add together the numbers in each latitude 
column, and take the difference of their sums, which will 
be the difference of latitude of the division line, of the 
same name with the less sum. 

With the difference of latitude and the departure of 
the division line, find, by Prob. 10, chap. 1, its changed 
bearing and its distance. Then find the true bearing by 
note to the rule in Prob. 9, chap. 1.* 

' EXAJIFLES. 

1. Let the bearing of AB be N. 62^^ W. 14.75 ch. , 
BC, N. ir E. 27 ch.; CD, S. 77^ E. 22.75 ch.,: and 
DE, S. 27° , R ; ft is required to cut off 70 acres by a 
line AH, running from die angle A and falling on the 
side DE. 



* The reason of this rule is sufficientlj obvious withoot a doxoonstratioo. 
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Asdiff. lat. ofHA,5.22S. 

dep. do. 28.33 W. 

:rad. ------- 



- Ar. Co. 9.28233 

- - - - 1.4.5225 

- - - - 10.00000 



tang, changed bear, of HA, 8.79° 34' W. 1073458 

Subtract 27 00 



True bearing of HA, S. 52 34 W. 
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Asrad. . - Ar. Co. 0.00000 

: sec. changed bearing of HA, TO"" 34' - 10.74210 
: : diff. lat. 5.22 - - 0.71767 



: dist. AH, 28.83 1.45977 

Hence AH, bears N. 52' 34' A dist. 28.83 ch. 

2. Given as follow : 1st. side S. 78° W. 8 ch. ; 2d. N. 

^ 26i° W. 11.08 ch. 5 3d. N. 38i' E. 12.82 ch. ; 4th. S. 64*^ 

R 10.86 ch. ; 5th. S. 23i°E. ; to cut off 25 acres by a line 

running from the place of beginning, and faUing on the 

5th. side ; required its bearing and distance. 

Ans. N. 45' 1' E. dist. 10.67 ch. 



PROBLEM XIV. 

J%c sides AB, BC, CA, Fig. 100, of a triangular piece of 
ground being given, to divide it into two parts having a 
given ratioy byja line FE, running parallel to one of the 
sides as BC. 

RULE. 

As the sum of the numbers expressing the ratio of the 

parts. 
Is to that number of the ratio which corresponds to the 

part to be adjacent to A ; 
So is the square BC, 
To the square of FE. 

Then, As BC : AB : : FE : AF.* 



* DsMONSTRATioif. Let HI to n be the ratio of the part AFE to the par* 
FECB ; then (18.5) m+n:m:: ABC : ADE : (19.6) BC* : FE?. 

OmstructiorL On AB describe the semicircle AMB, and by Prob. 17» 
Page 34, divide AB in K, so that AK may be to KB in the given ratio of the 
part AFE to the part FECB; draw KM perpendicular to AB, meeting the 
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EXAMPLES. 



1. Let AB be 21.26 ch. ; BC, 12.76 ch.; and AC, 19.30 
ch. I it is required to divide the triangle by the Une FE> 
parallel to 6C, so that the part AFE may be to the part 
FECB as 2 to 3. 

As 5 : 2 : : 12.76» : FE?=65.12704. 

FEsy' 65.12704=8.07 
As 12.76 : 21.26 : : 8.07 : AF= 13.45. 

2. The three sides of a triangular piece of land, taken 
in order, measure 15, 10, and 13 chains respectively ; it 
is required to divide it into two equal parts by a lin^ 
parallel to the second side. What will be the length of 
the division line and its distance from the place of begin- 
ning, measured^ on the first side ? 

Ans. Division Une 7.07 ch.; dist. on 1st. side 10.61 ch. 



PROBLEM XV. 

7^ bearings and distances of the sides AB, BC, CA, Fig. 
101, of a triangular piece of ground being given^ to di- 
vide it into two parts having a given ratioy by a line FE| 
running a given course. 

RULE. 

As the product of the sines of F and E, 
Is to the product of the sines of B and C ; 



A'.inicircle in M, and with the radius AM and centre A, describe the arc MF. 
From F, draw the division line FE parallel to BC. Since, (35.9, and cor. 
a6) AB : AM(AF) : : AM (AF) : AK, we have (20.6 cor. 2) AB : AK : : aBI 
AF2 : : ABC : AFE. Hence tho truth of the construction is evident. 
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So is the square of BC, ' 

To a fourth term* 
s Multiply this fourth term by that number of the ratio 
which corresponds to the part to be adjacent to the angle 
A, and divide the product by the sum of the numbers ex- 
pressing the ratio. The square root of the result will be 
FE. Then, 

As sin. A : sin. E : : FE : AF.* 



EXAMPLES. 



1. Let the bearing of AB, be S. 82i^ E. dist. 14.17 ch. ; 
BC, N. ISr W. 8.51 ch. ; and CA, S. 61i^ W. dist. 12.87 
ch. ; it is required to divide the triangle by the Une FE, 
running N. 14p E. so that the part AFE may be to the 
part FECB m the ratio of 2 : 3. 



* Dbmonbtration. Draw CG and BR, Fig. 102, each parallel toEF; and 
let y W, also parallel to EF, make the triangle AY W equal to ABC. Then 
(15.6) AB : AV : : AW : AC ; but (4.6) AB : AV : : BR : VW, and AW 
: AC ; : VW : GC. Therefore BR : V W : : VW : (K) ; and hence (17.6^ 
BR X GC= V W*. But by trigonometry, 

As sin. R (sin. E) : sin. C : : BC : BR, 
sin. G. (sin. F) : sin B : : BC : GC. 

Hence (23.6) sin. Ex sin. F : sin. Bx sin. C : : BC:> : BRx GC : : BC 
• VW«. 

Also, m+n : m : : ABC : AFE : : AVW : AFE : : (19JB) VW« : FE*. 

Ckmstrudion, From C, Fig. 101, draw CG according to the reverse bear- 
ing of FE, and on AG describe the semicircle AMG. By prob. 17, page 34, 
divide AB in.K, so that AK may be to KB in the given ratio of the part AFE 
t6 the part FECB. Draw KM perpendicular to AB, and with the radius AM 
and centre A, describe the arc MF. From F, and parallel to GC, draw FE 
the reqi,iired division line. For join KC, Fig. 102 ; then (1.6) KC divides 
the triangle in the given ratia Now AC : A£ : : AG : AF (AM) . : (cor. 
ae) AM (AF) : AK ; therefore (11.5) AC : AE : : AF : AK, and hence (15.6) 
the triangle AFE is equal to AKC. Consequently FE divides the triangie in 
the given ratia 
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Angle A=36i°, B=e3i% C=80i% E=46t» and F=83". 

AssinEvsinF 5 E, 46» 45' Ar. Co. 0.13765 
AS sm. i^xsm. f , < p gg QQ 0.00325 

•sin Bxsin C jB'63 30 9.95179 

.sm. uxsin.^, J Q 80 15 9.99368 

. . Rr« 5 BC, 8.51 0.92993 

. . D^ , J B(.^ g 5j 0.92993 

: fourth term 88.35 ' - 1.94623 

2 

5)176.70 

FE=v^ 35.34=5.95 

As sin. A, 36° 15' Ar. Co. 0.22819 

: sin. E, 46 45 9.86235 

: : FE, 5.95 0.77379 

: AF, 7.32 0.86433 

2. The bearings and distances of a triangular piece of 
land ABC are, AB, S. 69° E. 21.40 ch. ; BC, N. 3U E. 
18.66 ch. ; and CA, S. 74i W. 30.85 ch. ; and it is re- 
quired to divide it by a line FE, running due north, so 
that the part AEF, may be to the part FECB, as 4 to 5. 
What will be the length of the division Une FE, and the 
distance AF ? Ans. FE 10.74, and AF 17.40. 

PROBLEM XVI. 

I 

The bearings and distances of the sides AB, BC, CD, DA, 

fig. 103, of a trapezoidal tract of land being given, to 
divide it into two parts having a given ratio, by a line 
FEl, running parallel to the parallel sides AB, CD. 

Multiply the square of AB, by that numbeAof the ra- 
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tio which corresponds to the part, to be adjacent to CD^ 
and the square of CD, by the other number of the ratio. 
Add the two products together, and divide the sum by 
the sum of the numbers expressing the ratio.. The 
squa^ root of the quotient will give FE. Then, 

As DC— AB : FE-AB :: AD : AR* 

EXAMPLES. 

1. Let the bearing of AB be N. 14^ E. dist. 10 ch. BC, 
N. 55i^ E. dist. 18.67 ch. ; CD, S. 14° W. disL 20.98 ch. ; 
and DA, W. 12.70 ch. ; it is required to divide the trape- 
zoid into two parts by a line FE, parallel to AB or DC, 



* DBxomTRATiON. Produce DA and CB, Fig. 104, to meet in P. Then 
(19.6) PDC : FAB : : CD« : AB», or (17.5) ABCD : : PAB : : CD*— AB^ 
: AB«, or (16.5) ABCD : CD«— AB« : : PAB : AB». In like manner ABEF 
: YE^AB' : : PAB : AB». Hence (11.5) ABCD : CD»— AB' : : ABEP : FE* 
— A», or (ia5) ABCD : ABEF : : CD^— AB^ : FE«— Aff. Therefore m+« 

: m : : CD*— AB^ : FE*— AB", or multiplying extremes and means, m^-»FE* 

— ^w+»^ AF=m. CD»— m. Aff. But (m-^-n.) AB*=m. AB'+n. AB«. There- 

fore, adding equals to equals, we have m+n. PE?=m. CD^-f n. AB^. Hence 
the truth of the rule is evident 



Cmutructum. Join CA, Fig. 108, and parallel to it, draw BH, meeting 
DA produced in H. Divide (prob. 17, page 34) HD ip K so that HK may be to 
KD in the given ratio of A^EF to FECD, and draw KL parallel to BC. On 
CD, describe the semicircle CMD,and draw LM perpendicular to CD. With 
\the radius CM and centre C, describe the arc MN, and from N draw NF 
parallel to KL. From F, draw the division line FE parallel to AB or CD. 
For join EC, Fig. 104, and draw KU parallel to AB. Then since BH is 
parallel to AC, the triangle AHC is equal to ABC ; and adding ADC to each, 
we have CHD= ABCD. Now (4.6) PC : PE : : CD : FE (CM) : : (cor. a6) 
CM (EF) : CL (UK) : : PF : PK Therefore (11.6) PC : PE : : PF : PK 
and hence (15.6) the triangle PEF is equal to PCK. Ck)n6equently CKD= 
FECD. But it has been proved that CHD=ABCD ; hence taking equals 
ftom equals we have HCK=ABEF. But (1.6) HCK : CKD : : HK : KD 
: : m ; fi. Therefore ABEF : FECD ::m:n. 
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SO dmt the part ABEF may be to the part 
as 3 to 2. 

2. Aff=200. 
3. Ciy= 1320.4812 



5)1520.4812 



FE= v/ 304.0962= 17.44 

As 10.98 : 7.44 ; : 12.70 : AF=8.61 

2. The boundaries of a trapezoidal field ABCD are 
giTen as follow ; viz. AB, N. 80° W. 60 per. ; BC, N. 39i^ 
W. 45.5 per. ; CD, S. 80° E. 89.4 per. ; and DA, South, 
30 per. ; and it is required to divide it into two equal 
parts by a line FE parallel to AB or CD. What will be 
the length of the diiasion line FE, and the distance AF ? 

Ans. FE 76.13 per., and AF 16.46 per. 



PROBLEM XVn. 

The bearings and distances of the sides AB, BC,CD, DA, 
Fig'. 105, of any quadrilateral tract of land being given^ 
to divide it into two parts having a given ratio, by a line 
FEI, running parallel to one of the sides as AB or CD. 

RULE. 

Call the side to which the division line is to be parallel, 
the parallel side ; and the one opposite to this, the oppo- 
site side. From the bearings, find the angles. Take the 
diflference between t)ie sum of the angles adjacent to the 
parallel side and 180% and call it P. Then, 
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Ma the product of the sines of the angles adjacent to 

the parallel side, 
Is to the product of the sines of the angles adjacent to 

the opposite side : 
So is the square of the opposite side, 
To a fourth term. 

Multiply this fourth term by that number of the ratio 
which corresponds to the part to be adjacent. to the 
parallel side, and to the product add the product of the 
square of the parallel side by the other number of the 
ratio ; and divide the sum by the sum of the numbers 
expressing the ratio. The square root of the quotient 
will be the length of the division line FE. Then, 

As the sine of P, 
Is to the sine of E ; 

So is the difference between FE and the parallel side, 
To the distance of F from the adjacent end of the 
parallel side.* - • 



* Demonbtratioii. Produce DA and CB, Fig. 106, to meet in P. Draw 
DR and CG each parallel to AB ; and let VW, also parallel to AB, make the 
triangle PVW equal to PCD. Then (15.6) PD : PV : : PW : PC. Bat 
(4.6) PD : PV : : DR: VW, and PW : PC :: VW : CG. Therefore (11.5) 
DR : VW : : VW : CG ; and hence (17.6) DR x CG=VW2. But by trigo- 
nomotiy, 

As sin. CRD (sin. B) : sin. C : : CD : DR. 
sin. CGD (sin. A) : sin D : : CD : CG. 
Hence (2a6.) sin. Axsin. B : sin. Cxsin. D : : CD» : DRxCG. 
Or, sin. AXsin. B : sin Cxsin. D • : DC^ . VW2. 

Bot by the demonstration to the rule in the last problem, we have 

m+n. PB8=m. VWH-«- AB». 
Hence the truth of the rule is evident 

ComtrucHon. Prom C, Fig. 105, draw CG pjLiallel to AB, and on it d» 
scribe the semicircle CMG. 
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BXAUFLES. 



1 Let the bearing of AB be North, 12 ch. ; BC, N. 
&6i» E. 20.78 ch. j CD, S. 33^° E. 22.21 ch. ; and DA, S. 
SOi** W. 30 ch. J it is required to divide the tract into 
two parts by a line FE, parallel to AB, so that the part 
ABEF may be to the part FECD as 3 to 5. 

Angle A=80i°, B=123F, C=90°, D=66"^ and P=24°. 

As sin A V sin B ^ ^ ^^° ^O" Ar. Co. 0.00600 
A8sm.AXsm.JJ,<g^ 123 30 - OmSdQ 

•sinCxsinD J C, 90 00 - - - - 10.00000 
. sin.i.xsm.u, ^p^ 66.00 9.96073 

. pyv, 5 CD, 22.21 1.34655 

..K.ir i CD, 22.21 1.34655 



: fourth term 547.92 2.73872 

3 



1643.76 
{#AB»=720.00 



8)2363.76 

FE=v/ 295.47= 17.19 
As sin. P, 24° 00" Ar. Co. 0.39069 

: sin. E, 123 30 9.92111 

: : FE-AB, 5.19 0.71517 

: AF, 10.64 1.02697 



Join CA, and drew BH parallel to it meeting DA produced in H. Divide 
HD in K, 80 that HK may be to KD in the given ratio of the part ABEF to 
FECD. Drew KL parallel to BC and LM perpendicular to CG. With the 
radius CM and centre C» describe the arc MN. Drew NF parallel to KL 
and FE parallel to AB. JThen will FE be the division line. When the di- 
vision line is to be parallel to CD, the semicircle must be described on CD ; 
mad the line CG need not be drawn. The denumstration of the construction 
M the same as for the last problem. 

17 2B 
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2. The boundaries of a field ABCD are given as fol- 
low : viz. AB, S. lOi" W. 7.20 ch. ; BC, S. 67° W. 12.47 
ch. ; CD, N. 23** W. 13.33 ch. ; and DA, S. 89° E. 18 ch. ; 
and it is to be divided into two parts by a line FE, paral- 
lel to the side AB, so that the part ABEF may be to the 
part FECD, as 3 to 4. Required the length of the divi- 
sion Une FE, and the distance AF. 

Ans. FE 10.69 ch. ; and AF 7.15 ch. 

3. Given the boundaries of a field the same as in the 
preceding example, to divide it into two parts by a line 
FE, parallel to Ae side CD, so that the part ABEF may 
be to the part FECD, as 3 to 4. Required FE and AF. 

Ans. FE 10.14, and AF 10.16. 

PROBLEM XVni. 

The bearings and distances of the sides AB, BC, CD, DA, 
Fig. 107, cf any quadrilateral tract of land, being given^ 
to divide it into two parts having a given ratio by a line 
FE, running a given course from some point in AD to 
another in BC. 

RULE. 

From A, draw AS paraUel to BC, meeting FE in S. 
From the bearings find the angles A, B, C, D, E, and F.* 
Take the difference between the sum of the angles A and 
B, and 180^ and call it P. Then, 

As the product of the sines of the angles E and F, 
the product of the sines of the angles A and B, 
: the square of AB, 
a fourth term. 

Also, As the product of the sines of the angles E and F, 
: the product of the sines of the angles C and D , 

* It is immaterial whether it 18 the ample BEF or CEF, that ia found, akc 
whether, AFE or DF£. 



I 
t 
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: : the square of CD, 

: to a fourth term. 
Multiply this latter fourth term by that number of the 
ratio which corresponds to the part to be adjacent to AB, 
and the other fourth term by the other number of the 
ratio ; add the two products together, and divide the sum 
by tlie sum of the numbers expressing the ratio. The 
square root of the quotient will give the length of the di- 
vision line FK Then, 

As sin. E. : sin. B : : AB : ES. 
The difference between FE and ES, gives FS. Then, 

As sin. P. : sin. E : : FS : AF.* 

EXAMPLES. 

1. Let the bearing of AB be. North, dist. 12 ch.; BC 
N. 56i° E. 20.78 ch.; CD, S. 33i° E. 22.21 ch.; and DA,S. 
SOi" W. 30 ch. ; it is required to divide the tract into 
two parts by a Une FE, running N. 20° W. bo that the 
part ABEF may be to the part FECD as 3 to 5. 

Angle A=80i% Bi=123i% C=90% D=66», E=76i% 
F=79i'' and P=24°. 

AssinExsinF $^ "^^^ ^^ ^•^* ^-^^^^"^ 
A8 8in.i:.xsin. r, < p^ ^g g^ 0.00733 

• Ax/- p 5 A, 80 30 9.99400 

. 8U1.AXSU1. D, J B^ 123 30 9.92111 

• TM 5AB, 12 1.07918 

• • ^^ i AB, 12 1.07918 

: fourth term 123.87 2.09297 

5 



619J5 



* Hie truth of this rale is evident from the demonatrmtion to the rale in 
the lest problem. 

Cmutruetion, Draw CG according to the reverse bearing of FE, and then 
proceed with the oonstraction exactly ss in the last problem. 

13 
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A««n I?s/«J„ 17 5E, 76° 30* - Ar.Co. 0.01217 
Assm.jixsin.r, <p^ 79 30 - 0.00733 

• Osy • n J A 90 00 - - - - 10.00000 
: sm.v.X8in.ii, J d, gg qO - - - - 9.96073 

..rr»» 5 CD, 22.21 ... - L34655 

. . i.ir, ^ ^jy 22 2j .... 1.34655 

: fourth term 471.33 2.67333 

3 

1413.99 
619.35 

8)2033.34 

FE=v^ 254.17= 15.94 

A» sin. E, 76" SO' - Ar.Co. 0.01217 

: sin. 6, 123 30 9.92111 

::AB,12 1.07918 

: ES, 10.29 1.01246 

As sin. P, 24° OO' Ar.Co. 0.39069 

: sin. E, 76 30 9.98783 

;:FS,5.65 0,75205 

: AF, 13.51 1.13057 

2. The boundaries of a field ABCD are given as fol- 
low : viz. AB, S. 10i° W. 7.20 ch. j BC, S. 67° W. 12.47 
ch. : CD, N. 23° W. 13.33 ch. ; and DA, S. 89° E. 18 ch. ; 
and it is to be divided into two parts ABEF and FECD, 
in the ratio of 3 to 4, by a line FE, running due South. 
Required the length of the division hue FE and the 
distance AF. Ans. FE 10.10 and AF 8.12. 
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PROBLEM XIX. 

V 

Jlie boundaries of a trad of land ABCDEFGHIA, Fig. 
108, being given, to divide it into two equal parts by a 
line IN running from the comer I, and falling on the 
opposite side CD, 

^ RULE. 

Suppose lines drawn from I, to C and D, and calculate 
the area of the whole tract- 



Take the corrected latitudes and departures'*^ of lA, 
AB, and EC, and by balancing find the latitude and de- 
parture of CI ; also calculate the area of the part I ABCI ; 
from half the area of the whole tract, subtract the area of 
the part lABCI, the remainder will be the area of the 
triangle ICNl. 

Take the latitudes and departures of IC and CD, ana 
by balancing find the latitude and departure of DI, and 
calculate the area of the triangle ICDL Then, 

As the area of the triangle ICDI, 
Is to the area of the triangle ICNI ; 
So is the latitude of CD, 
To the latitude of CN. 

Also, As tne area of the triangle ICDI, 
Is to the area of tlie triangle ICNI ; 
So is the departure of CD, 
To the departure of CN. 



* It 18 the corrected latitudes and doparUxroe that arc to bo used throu(fb» 
out the calculation. 
17* 
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Now take the latitudes and departures of IC and CN, 
and by balancing find the latitude and departure of the 
division hne NI; with which, find its bearing and 
distauce.* 

EXAUPLBS. 

1. Let the bearing of AB be N. 19° E. dist. 27 ch. ; BC, 
S. T7° E. 22.75 ch. ; CD, S. 2r E. 28.75 ch. ; DE, S. 52^ 
W. 14.50 ch. ; EF, S. 15*° R 19 ch. ; FG, West, 17.72 
ch.; GH,N. 36° W. 11.75 ch.; HI, North, 16.07 ch., 
and lA, N. 62° W. 14.88 ch. ; it is required to divide the 
tract into two equal parts by a hne IN running from the 
comer I, and falling on the opposite side CD. 

First calculate the whole area, thus : 



rale needs no demongtraticML 



CBAP IT.] LATINO OITT AND DIYIDING LAIBI. 



.199 















g- 



i 



> 



•I 



s- 






M 



w 


CO 


Of 


o 


M 


o« 


o« 


o 




• 


CO 


^ 


CO 


«o 


9 


Oi 


e 


o 





► 


X 


Q 


•fl 


M 


O 


a 


C0 


> 


"OD 1 




h^ 


ixu 


Q 


•fl 


» 


e 


O 


« ¥ 




\^ 




^ 




» 


• 


« 


• 


% 


Q 




• 


SI 


S 


? 


•i^ 


o« 


10 


•« 


•i^ 


Q 






% 


en 


M 


^ 


•< 


CO 

o 


1 




• 


a 


f* 


P 


■^ 


• 


« 


H 


•^ 




z 
s 


1— 

a» 

b 


• 


• 


CD 

b 


1^ 

• 

CA 


00 

• 




to 

• 


^ 


M 


*i 


CA 


10 


O 


O 


C7t 


en 


o 




r*. o* 




►— 














to 




4 00 


p» 


• 


«o 












en 

• 


!^ 


CO o 


CO 


o 


b* 












91 


• 


00 (O 


00 


^ 


^> 












CO 




Oi 










►* 




10 








• 










00 

• 


?> 


S» 


en 

• 




QD 


<o 










00 


CO 


a» 


I-* 






00 










^- 


00 


to 


to 






1^ 














ii^ 


to 






<o 










Ot 




00 

• 


to 

• 


00 

• 


M 


e 










o 




o 


^" 


*i 


• 


<o 










00 




en 


•«J 


CO 




1^ 1^1 


^i- 






^i- 




^i- 










CO <o 


00 

• 




a» 

■ 

CO 


•4 

• 




4^ 








• 


«o «o 


If^ 




^— 


M 




to 










• 


• 

o 


• 


b 


• 

O 


b 


b 


• 

o 


« 


s 


.»§ 


• 


b 


• 

o 


• 

o 


• 
© 


• 

o 


• 

o 


b 


b 


• 


n§ 


o 


»-• 


^— 




Nrf 


>? 


►-• 


•^ 


^^r« 


Oi 




^i' 














to 




00 

• 

o 


Oi 

m 


a» 

b 


CO 

• 












en 

en 


5^ 

• 


1^ 


*4 


O) 


o 












^— 




o< 










^. 




10 




-1 __ 1 


00 










00 


00 


01 


en 




£>' 


• 








• 


* 


• 


• 


• 


t 




o 








o 


CO 


CO 


a> 


f^ 






If^ 








»-« 


10 


If^ 


t^ 


00 






1^ 














H» 


to 






CO 

• 




• 

o 






b 




00 

• 


to 

• 


00 

• 


M 


Ol 




V- 






CD 




•«J 


00 


o 




•^ 


,^ 






«^ 




Nrf 










• 


60 

• 




• 

CO 


• 












^ 


Oi 


CO 




o 


»-< 




t-^ 






























H 














f* 


00 

en 


s 




b 


00 












a> 


to 


CD 




b 

• 


<o 












Oi 


en 


00 
























^ 


O) 


y^ 




19 


»-< 












• 


•«J 


CO 


a» 


I**' 


M 


O) 








:^ 


00 


»-* 


00 


a» 


a> 


CO 








S^ 


• 


CO 


»0 


(O 


•-^ 


to 


to 








00 






•— 


f9 


if^ 


a> 


Oi 


a> 


CO 






•fk. 


^ 


•fk> 


» 


• 


• 


Oi 

• 


o 

• 


• 


"s-ae 




CO 


^ 


CO 


CD 


c;« 


00 


to 


CD 


o 


?'B 




00 


c;i 


•^ 


c;< 


^ 


CO 


CO 


00 


o 


?? 




H 


W 


W 


W 


W 


W 


W 


w 


tfl 




2 


CO 


19 

00 


to 

CO 














• 


• 


o 

a 


o 

• 


• 














> 


a> 




M 


M 














g 


c^ 


00 


if^ 


CO 














•a 


o 


-4 


o 














^— 




o 


© 














? 


o« Ci 










1^ 


0) 


* 

Oi 


^- 




QD 

* 


1^ (O 










to 


o 


CO 


en 














• 


• 


• 


00 

• 


00 

• 




•^ 


en tP^ 








1^ 


CO 


CD 


^- 


CO 




3 


o* en 








00 


a» 


CO 


00 


to 




-q ea 








CO 


^ 


a 


-^ 


•J 




B 


^^ 1^ 








o* 


1^ 


a> 


to 


rfi' 


. "-, 1 



200 



LAfUfO OOT AXD DiniHirO LAND. [pBAT, IT. 



To find the latitude and departure of CI, and area vf tht 

part lABCI. 



Stiu 


N. 


8. 


£. 


w. 


E.D.D.W.D.D. 


Malt. 


N. A. 


8. Arms. 


lA 


6.97 






1313 




30.98 


0.00 E 






AB 
BC 


25 51 




8.80 






4.:^3 


4.33 W 




1 10.4583 


5.13 


22.18 




30.98 




26.65 E 




136.7145 


CI 


82.48 


(27.35) 




(17.85) 


4.33 




30.98 E 




847.3030 
1094.4758 


82.48 


30.98 


30.98 


85.81 


35 31 







Area of lABCI (sq. ch.) 547.2879 

Half area of ABCDEF6UIA 762.6990 



Area of ICNI (iq. ch.) 215.461 1 



To find the area of ICDl. 



^Sta. 


N. 


8. 


E. 


W. 


E.D.D.W.D.D.' Mult 

1 


N.A. 


8. Areas. 


IC 

CD 

DI 


27.35 




17.85 






13.07 


0.00 E 








25.64 


13.07 




30.92 




30.9S £ 




792.7888 


27.85 


(1.71) 




(30.92) 




17.85 


13.07E 




22.3497 


27.36 


30.92 


30.92 


30.92 


30.92 




815.1386 



ArM0fICDI(8q.ch.) 407.6693 



As area of ICDI, 407.57 

: area of ICNI, 215.46 - - 

: : latitude of CD, 25.64 S. - 



Ar.Co. 7.38980 

2.33337 

1.40892 



: latitude of CN, 13.55 & 1.13209 

As area of ICDI, 407.57 Ar.Co. 7.38980 

: area of ICNI, 215.46 2.33337 

:: departure of CD, 13.07 E. 1.11628 



: deoarture of CN, 6.91 E. 



0.83945 
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To find the latitude and departure of NI. 



Sta. 


N. 


S. 


E. 
17.85 
6.91 


W. 


IC 


27.35 






NI 




13.55 




(13.80) 


(24.76) 


27.35 


27.35 


24.76 


24.76 



To find the bearing and distance of NI. 



As diff. of lat of NI, 13.80 S. 

: dep. do. 24.76 W. 

: rad. -....-- 



Ar. Co. 8.86012 

1.39375 

10.00000 



tang, bearing of NI, S. 60° 52* W. - - -10.25387 



As rad. -------- 

: sec. bearing of NI, 60° 52* - - 
: : diff. lat. do. 13.80 - - 



Ar. Co. O.OiOOO 

- -10.31261 

- - - 1.13988 



: dist. NI, 28.35 ch. ------- - 1.45249 

Hence IN bears, N. 60° 52* E. dist. 28.35 ch. 

2. Ciivcn the boundziries of a tract of land as follow ; 
viz. 1st. S. 35i° W. 11.20 ch. j 2d. N. 45° W. 24.36 ch. ; 
3d. N. 15i° E. 10.80 ch. ; 4th. S. 7r R 16 ch. ; 5th. N. 
87i° E. 21 ..50 ch. j 6th. S. 60° E. 14.80 ch. j 7th. South, 
10.91 ch. ; 8th. N. 85° W. 29.28 ch. to the place of be- 
ginning ; to divide the tract into two equsJ parts by a 
line running from the first station and falling on one of 
the opposite sides ; the bearing and distance of the di- 
vision line are required. Ans. N. 7° 18* E. 15.28 ch. 

2C 



CHAPTER V. 



VARIATION OF THE COMPASS. 

• 

A MERIDIAN indicated by the magnetic needle is not, 
in general, a true one ; for the needle does not point 
truly to the north point of the horizon, but varies from 
it, in some places to the eastward, and in others to the 
westward. 

The angle contained between the true meridian and 
that indicated by the needle, is called the variation of the 
compass. 

The variation is named east or west^ according as the 
north end of the needle points to the eastward or west- 
ward of the true north. 

• 

As the variation is different in different places, so also, 
in the same place, it does not remain the same, but 
differs sensibly in the course of a few years. Hence, 
in running a line that was run a number of years pre- 
viously, the bearing will be found different from what it 
was at that time ; this, together with some difference in 
compasses, causes many difficulties, and frequently in- 
accuracies, in tracing old lines. 

202 
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The easiest way to guard against those difficulties and 
inaccuracies would be to make and return the surveys 
according to the true, and not the magnetic bearings. 
In order to do this, it will be necessary to know the va- 
riation of the compass fbr die place in which the survey 
is made ; and this may readily be found by first tracing 
a meridian line in the following manner. 

To draw a true meridian line by means q^ the greatest 

elongation of the pole star. 

The pole star is situated about li"* from the true pole, 
and therefore apparently revolves round it, in a small cir- 
cle, once in about 23 h. 56 m. When at its greatest 
distance east or west from the true pole, it is said to be 
at its greatest east or west elongation. It is therefore 
evident that in the course of one appsg-ent revolution it 
must be twice at its greatest elongation, once to the east 
and once to the west. 

The following tables exhibit the times, nearly, of the 
greatest eastern elongations of the pole star for six 
months of the year, and of the greatest western elonga- 
tions for the other six months. The other greatest elon- 
gations take place in the day time, and are therefore in- 
visible. Some of those inserted in the tables are also 
mvisible ; because they occur, either before daylight is 
gone, in the evening, or after it has returned, in the 
morning. The most of those in the 3d, 4th, 9th, and 
10th months are in this situation. 

The time in the tables is reckoned from noon ; and 
therefore when it is less than 12 hours, the greatest elon- 
gation takes place in the evening of the same day ; but 
when it exceeds 12 hours, if 12 hours be subtracted from 
it, the remainder will be the time of greatest elongation 
in the morning of the following day. 



904 
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Eastern Elongation. 



Dayi. 


4 mOb (Ap.) 


5 ma 


(Ma.) 


6 mo. (Jo.) 


7ma 


cJuiy) 


8mo.( Aug.) 9 mo. (Sep.)! 




H. X. 


H. 


M. 


K. X. 


H. 


X. 


H. X. 


H. K. 


1 


18 18 


16 


26 


14 24 


12 


20 


10 16 


8 20 


' 7 


17 56 


16 


3 


14 


11 


55 


9 53 


7 58 


13 


17 34 


15 


40 


13 35 


11 


31 


9 30 


7 36 


19 


17 12 


15 


17 


13 10 


11 


7 


9 8 


7 15 


25 


16 49 


14 


53 


12 45 


10 


43 


8 ^45 


6 53 



Western Elongation. 



Day. 


10mo.(0c.) 


llma(No.) 


12 mo.(De.) 


1 mo. (Ja.) 


2 mo. 


(Feb.) 


3mo.(Mar.) 




H. X. 


R. 


X. 


H. X. 


H. X. 


H. 


M. 


R. K. 


1 


18 18 


16 


22 


14 19 


12 2 


9 


50 


8 1 


7 


17 56 


15 


59 


13 53 


11 36 


9 


26 


7 38 


13 


17 34 


15 


35 


13 27 


11 10 


9 


2 


7 16 


19 


17 12 


15 


10 


13 00 


10 44 


8 


39 


6 54 


25 


16 49 14 


45 


12 34 


10 18 


8 


16 


6 33 



In order to determine a true meridian, by the method 
here used, it is necessary to know the bearing of the pole 
star, called its azimuth^ at the time of its greatest elon- 
gation. This depends on the latitude of the place, and 
the distance of the star from the pole. Tliis distance is 
caQed the polar distance of the star. It is subject to a 
small annual diminution, which is called its annual preces' 
sum. The polar distance of the star on the 1st. of the 
1st. month (January) 1830, was I'' 35' 51''; and its annual 
precession is 19.3". 

The polar distance may be found for any subsequent 
time^by multiplying 19.3", by the interval between the 
Ist. of the year 1830, and the given time, and subtract- 
ing the product from V 35' 51", Thus, suppose the polar 
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distance of the pole star was required for the 1st. of the 
7th. month, (July)^ 1845. The interval is 15.5 years ; 
and 19.3" x 15.5 gives 299.15^=4' 59". From V 35' 51", 
take 4' 59", and we have 1^ 30 52" for the polar distance 
of the star, at the time proposed.* 

When the polar distance of the pole star is known, its 
azimuth, at the time of greatest elongation may be found 
by the foUowing proportion. 

As radius, 

Is to the secant of the latitude of the place, 

So is the sine of the polar distance, 

To the azimuth. 

This azimuth will be east or west, according as the 
elongation is east or west ; and consequently its name 
will be known from the preceding taUes. 

As an example, let the azimuth of the pole star, at 
Philadelphia, latitude 39® 57, be required, for the 1st. of 
the 7th. month (July) 1845. The polar distance found 
above is 1"" 30f 52"; and it may be taken l"" 31' without 
material error. 

As radius - Ar. Co. 0.00000 

-.secant of lat. 39^57' 10.11543 

::sin.ofpol.dist.l 31 8.42272 



: sin. of azimuth r59'K 8.53815 



* The polar distance obtained as above, is called the mean polar distance ; 
and it is sufficiently accarate for oar present purpose. To obtain the fms 
polar distance, two small corrections called <i6erratiofi and wuUOion^ would 
have to be a^^lied. 



206 YA&IATION OF THE OOMPABS. fCHAP. Y. 

In order to observe the greatest elongation of the pole 
star, it will be necessary to prepare the following simple 
apparatus. 

Place two posts firmly in the ground, about three feet 
apart, and nearly east and west firom each other ; the 
heights of the posts, which should be the same, may 
be about two or three feet ; on those posts, place a thick 
board or plank, five or six inches wide, and nail it fast to 
each of them, taking care that it be level or nearly so ; 
take a piece of board, a foot or eighteen inches long and 
four or five wide, and near the middle of it fasten a com- 
pass-sight perpendicularly ; this board is to slide on the 
horizontal one already mentioned. 

Take a stiff* pole 18 or 20 feet in length, and fix it in 
an inclined position, in such a manner that a plumb line 
suspended from the upper end, may be nearly north, 
firom the middle of the horizontal board, and about ten 
feet distant from it ; the elevation of the pole must be 
such that the pole star, when viewed through the com» 
pass sight placed on the horizontal board, may appear 
a few inches below its upper end ; when in this position 
the lower end should be fastened in the ground, and the 
* pole should be supported by a couple of crotchets placed 
near the middle. The plumb should weigh a pound 
or more, and should swing in a vessel of water, in 
order to prevent the line being agitated by the motion 
of the air. 

The apparatus being prepared, proc^d, about 15 or 
20 minutes previous to die time of greatest elongation 
as indicated by the table, to make the observation as fol- 
lows : Let an assistant hold a lighted candle near the 
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plumb line, so as to illuminate it and render it distinctly 
visiUe; place the small board with the compass-sight 
attached to it, on the horizontal one, and rnqye it east 
or west as the case may require, till the pole star, plumb 
line, and aperture in the compass-sight are aU m a direct 
range. If the star should be deviating to the east, it will 
leave the plumb-line to the west ; and the contrary, if 
deviating to the west ; keep therefore shifting the sight, 
till the star appears stationary behind the plumb-line ; 
which it will do for several minutes at the time of its 
greatest elongation, and will then recede from the line 
on the contrary side from which it did before it became 
stationary. The compass-sight must not be moved after 
the star has attained its greatest elongation ; but the ap- 
erture in it being then in a direct range with the plumb 
line and star, the board to which the sight is fixed, must 
be fastened to the one on which it slides, by a small tack 
passing through each end. This being done let an 
assistant take a straight stake, with a piece of lighted 
candle stuck on it, and go north to the distance of 30 or 
40 perches; then looking through the compass-sight, 
direct him to set up the stake perpendicularly, and m 
such a situation that the candle stuck on the top may 
appear exactly behind the plumb-line ; when thus placed, 
let it be firmly fixed in the ground. Next, let another 
straight stake be set up in the same manner near the 
plumb-line ; the remaining part of the work may then be 
left tiU morning. 

Measure accurately the distance between the two 
stakes. Then, 

As radius, 

Is to the tangent of the azimuth ; 

So is the distance between the stakes, in feet, 

To a fourth term, in feet. 
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Lay off the distance contained in this fourth tenn 
from the northerly stake, and perpendicular to a line join- 
ing the two stakes ; it must be laid off towards the west 
if the azimuth is east, but towards the east if the azimuth 
is toest. Next remove the northerly stake, and set it up 
at the other extremity of the distance thus laid off; then 
a straight line joining the two stakes will be a true meri- 
dian line. , 

To obtain the variation, set up a compass in the place 
of the southerly stake, and direct the sights truly to tlie 
northerly one ; the needle will then point out the varia- 
tion, which will be east or toest, according as the north 
end of the needle points to the east or west of the north 
point of the compass. The whole process is so simple, 
that an example is deemed unnecessary. 

It has already been observed, that the greatest elon- 
gations of the pole star are invisible during the greater 
part of the 3d and 4th months, and also of the 9th and 
10th; consequently a meridian line cannot be obtained 
by the preceding method, during those periods. But as 
the surveyor may generally choose his time for tracing 
a meridian line, and as, when this is done, he can at any 
time obtain the variation, it is thought unnecessary to 
introduce other methods. Those, however, who would 
wish to be acquainted with simple and accurate methods 
of tracing a meridian line at any season of the year, may 
consult a pamphlet on the subject by Andrew Elicoit, A.M. 
from which the substance of the preceding method is 
extracted; and which contains others suited to those 
times of the year in which this cannot be applied. It 
may not be improper also to observe, that the second 
volume of the American Philosophioal Transactions con- 
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tains an essay by Robert Patterson^ Professor of Matlut* 
maiics in the University of Pennsylvania^ in which is given 
a method for obtaining ttie variation to a sufficient de- 
gree of accuracy for any purpose in surveying, and 
which has this advantage, that the observation may be 
made at any season of the ^ear, and at any time in the 
evening. There are also other methods besides those 
alluded to above, by which a meridian line may be traced, 
or the variation of the compass determined ; but as the 
roost of them require expensive instruments for making 
the observations, it is thought unnecessary to notice them 
Ji this work. 

To obtain the true bearings of a survey j from the magnetic 

ones, the variation being given. 

If the variation be east, add it to the north-easterly 
and south-westerly bearings, and subtract it from those 
that are north-westerly or south-easterly ; but if the va- 
ration be west, add it to the north-westerly and south- 
easterly bearings, and subtract it from those that are 
north-easterly or south-westerly; this being done, the 
true bearings are obtained. 

To find the difference between the present variation, and that 
at a time when a tract of land was formerly surveyed, m^ 
order to trace or run out the original lines. 

Go to any part of the premises, where any two adja- 
cent comers are known ; and if one can be seen from die 
other, take its bearing ; which compared with that of 
the same line in the former survey, shows their diffe1^ 
eoce. But if one comer cannot be seen from the other, 

run the line according to the given bearing, and measure 
18* 2D 
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the nearest distance between the line so run, and tlie 
comer ; then, 

As the length of the given line, 

Is to the said distance ; 

So is 57.3 degrees.* 

To the difference of variation required. 

EXAKPLB. 

Suppose it be required to run a line, which some years 
ago bore N. 45^ E. dist 20 ch. and in running this line 
by the given bearing, the comer is found 20 links to the 
left hand ; what allowance must be made on each bear- 
ing to trace the old lines ; and what is the present bear- 
ing, by the compass, of this particular line ? 



L. 


L. 


Deg. 


AbSOOO 


: SO 

i 


:: 57^ 
20 



2000)1146.0(0» 34' 

Consequently 34 minutes, or a little more than half a 
/ degree, is the allowance required ; and the line in ques- 
tion bears N. 44'' 26' E. 



Noie. The above rule is simple and sufficiently ac- 
curate when the distance between the sought comer and 



* 67.8 is the ndioa (nearly) of a circle in each parte ae the circumferenee 
ooDtainaSOa 
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random line, is small. But when this distance is con< 
siderable, it will be better to find the angle by trigono- 
metry. 



ON LOCX L ATTRACTION. 

It is well known that iron or any ferruginous substance 
attracts the magnetic needle, and consequently when near, 
will draw it aside from the position in which it would 
otherwise settle. And as the earth in many places con- 
tains, near its surface, substances of this kind, the needle 
will not unfrequently be attracted from its true direction. 
The surveyor ought therefore, at each station, to take a 
back sight to the preceding one ; and if he arrive at one 
at which the compass does not reverse truly, he may 
conclude, provided no error was committed in taking the , 
bearing at the last station, that at the present one, die 
needle is affected by some local attraction. In such a 
case, he should first determine whether any error was 
committed at the last station, and if none is found, take 
the difference between the bearing from the last station 
and the reverse bearing, which will be the local variation 
of the needle at the present station. This variation must 
be applied, according to its name, to the bearing of the 
following station. 

If at the first and second station of a survey the com* 

pass is found not to reverse truly, the surveyor will be at 

loss to know which of them is affected by attraction > 

But by taking another station, either within or without 

the survey, and taking its bearing from each of thoso 
14 



212 TARIATION OF THB 00IIPA88* [CHAP. T. 

Stations, and the bearing of eaxdi of those from it, he may, 
in general, determine at which of them the attraction 
exists. 

Note. — ^The area of the survey is not affected by the 
general variation, because it is die same at each station. 
fiut where local attraction exists and causes a variation 
in the position of the needle, as this variation will be dif- 
ferent at different stations, it will^ unless ascertained, and 
allowed on the corresponding bearings, materially affect 
the truth of the survey. 



CHAPTER VL 



MISCELLANEOUS QUESTIONS. 

1. A circular fish-pond is to be dug in a garden, that 
shaU take up just half an acre : what must be the length 
of the cord that strikes the circle ? 

Ans. 27.75 yards. 

2. Two sides of a triangle are 20 and 40 perches re- 
spectively : required the third side, so that the content 
may be just an acre. 

Ans. Either 23.099 or 58.876 perches. 

o. In 1 10 acres of statute measure, in which the pole 
is 5,5 yards, how many Cheshire acres, where the cus- 
tomary pole is 6 yards ; and how many of Ireland, where 
the pole in use is 7 yards ? 
Ans. 92 A. 1 R. 29 P. Cheshire ; 67 A. 3 R. 25 P. Irish. 

4. The ellipse in Grosvenor square, London, measures 
840 links the longer way, and 612 the shorter, within 
the rails ; now the wall being 14 inches thick, it is requi- 
red to'find what quantity of ground it encloses, and how 
much it stands upon. 

Ans. It encloses 4 A. OR. 6 P. and stands on 1760^ 
square feet. 

5. Required the dimensions of an elliptical acre, with 
the greater and less diameters in the ratio of 3 to 2. 

Ans. 17.481 by 11.654 perches. 

213 
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* 6. The three sides of a triangular field, containing 
6 A« 1 R. 12 P. are in the ratio of the three numbers, 9, 
8, 6, respectively ; required the sides. 

Ans. 59.029, 52.47, and 39.353 perches. 

7. In a pentangular field, beginning with the south 
side and measuring round towards the east, the first or 
south side is 27.35 ch., the second 31.15 ch., the third 
23.70 ch., the fourth 29.25 ch., and the fifth 22.20 ch. ; 
also the diagonal from the first angle to the third is 38 
ch., and that from the third to the 5th. 40.10 ch.; required 
the area of the field. Ans. 1 17 A. 2 R. 39 P. 

8. Required the dimensions of an oblong garden, con- 
taining three acres, and bounded by 104 perches of pate 
fence.* Ans. 40 P. by 12. 

9. How many acres are contained in a square mea- 
dow, the diagonal of which is 20 perches longer than 
either of its sides ? Ans* 14 A. 2 R. 11 P. 

10. A gentleman has a garden 100 feet long and 80 
broad, and a gravel walk is to be made of equal width 
half round it; what must be the width of the walk, so that 
it may take up just one fourth of the ground. 

Ans. 11.8975 feeu 

11. A person has a cnxular yard that is 150 feet in 
diameter, and wishes a walk of equal width made^round 
jt within the fence: required the width of the walk so that 
it may occupy a fifth part of the ground. 

Ans. 7.918 feet 



'* This qnefltkm may be neatly constructed by 26, 6 Playf<nT*8 Oeometr^, 
It may not be improper also to observe, that the 2d question, and all those 
following the 6th, admit of neat geometrical constmctioiis. 
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12. From a point within a triangular field the sides 
of which were equal, I measured the distances to the 
three angles, and found them 12.5, 10, and 7.5 chains, re- 
spectively ; requhred the area. Ans. 12 A. 1 R. 23 P. 

13. On examining the field-notes of a lot of ground of 
which I wished to know the content, I found them as fol- 
low : 1st, S. 72*^ W. 24 per., 2d. North, 38 per., 3d. N. 

82i E. 41 per., 4th. \ 20 per., 5th. S. 80^ E. 11.5 per., 

6th. S. 26^ W. 22 per., and 7th. , 37 per., to the place 

of beginm'ng. The bearings of the 4th and 7th bounda- 
ry lines were illegible ; but the data remaining bemg suf- 
ficient, the area is required. 

iln5. 12A. 3R. 2P. 

14. It is required to lay out 4^ acres of land in a tri- 
angular form, so that the length of one side may be 15 
chains, -aitd the lengths of the other sides in the ratio of 
2 to 3 ; what must be the lengths of those sides ? 

Ans. 7.7914 ^nd 11.6871 chains; or 29.58536 and 
44.37804 chains. 

15. It is requhred to lay out five acres of ground in a 
triangular form to be bounded by 135 perches of fence ; 
the length of one side is to be 50 perches ; what must be 
the lengths of the other sides ? 

Ans. 33.3785 and 51.6215 perches. 

16. The area of a rectangular field is 7^ acres and the 
length of the diagonal 50 perches : required the sides. 

Ans. 30 and 40 perches. 

17. In a rectangular tract of land, containing 58 A. 3R. 
8 P. the difiference of the lengths of the sides is just equal 
to the difference between the lengths of the longer side 
and the diagonal ; hence the sides are required. 

Ans. 21 and 28 chains. 



/ 
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« 

18. The boundaries of a tract of land are as follow : 
Ist. N. 14^ W. 15,20 ch, ; 2<J. N. 70i° E. 20.43 ch. ; 3d. 
S. 6^ E. 22.79 ch.; 4th. N. 86J^ W. 18 to the place of 
beginning ; within the tract there is a spring, the bearing 
and distance of which, from the 2d comer, is S. 75"* E. 
7.90 ch. It is required to cut off 10 acres from the west 
side of this tract by a straight line running through the 
spring ; what must be the distance of the division Une 
from the 1st comer, measured on the fourth side. 

Ans. 4.6357 chains. 

19. The boundaries of a quadrilateral tract of land are 
as follow : 1st. N. 35i" E. 23 ch, ; 2d. N. 75i° R 30.50 
ch. ; 3d. S. 3i° E. 46.49 ch. and 4th. N. 66F W. 49.64ch., 
to the place of beginning. This tract is to be divided 
into four equal parts by two straight lines, one of which 
is to run parallel to the 3d side ; required the distance 
of the parallel division line from the first comer, measur- 
ed on the 4th side ; also the bearing of the other division 
line, and its distance from the same comer, measured on 
the first side. . 

Ans. Distance of the parallel division from the first 
comer 32.50 chains.; the bearing of the other, S. 88"* 22^ 
E. and its distance ftom the same corner 5.99 chains. 



CHAPTER Vn. 



OF THE THEODOLITE- 

A Vertical Angle is any angle in a plane perpen- 
dicular to the horizon. Consequently angles of eleva- 
tion and depression are vertical angles. 

A Theodolite is an instrument used to measure both 
horizontal and vertical angles. 

By the aid of a theodolite, surveys may be much 
more accurately made than with the compass, espe- 
cially when the tract is large or the ground hilly, or 
where there is local attraction. Before describing the 
theodolite, it will be best to notice separately one or 
two of its appendages. 

Of the Spirit Level. 

The Spirit Level consists pnncipally of a cylindrical 
glass tube, nearly, but not entirely, filled with alcohol, 
or some other fluid. The inner part of that side of 
the tube which, when in use, is to be uppermost, is 
ground from end to end into a regular curve, having 
Its convexity upwards. In consequence of this curva- 
ture in the upper part of the cavity, the air hMle^ or 
part not* occupied by the fluid, must be at the middle 
of the tube when the axis of the levels that is, the 
straight line passing lengthwise through its middle, is 
in a horizontal position. And conversely the axis 
must be horizontal when the instrument is so placed 
that the bubble stands at the middle of the tube. 

2E "7 
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Of the Vernier. 

A Vernier is a graduated index which serves to sub- 
divide the smallest divisions of a graduated arc or 
straight line. 

Verniers are somewhat different according to the 
.value of the divisions which they are to subdivide and 
the degree of precision they are designed to give ; but 
the principle of construction is the same in all. The 
following description applies to the vernier attached to 
the common theodohte, the limb of which is divided 
into degrees and half degrees, numbered from 0** to 
360'' ; and the vernier subdivides the half degrees to 
minutes. 

In Fig. 115, AB represents a part of the graduated 
limb, and CD the vernier ; the whole being drawn on 
an enlarged scale. The extent of the vernier is ex- 
actly equal to 29 half degrees, or 870 minutes, on the 
limb, and is divided into 30 equal parts, numbered from 
to 30. Each division of the vernier contains there- 
fore 29 minutes. Hence it is evident that when the 0, 
ox^zero line of the vernier exactly coincides, as in the 
figure, with a division line on the limb, the first divi 
sion line of the vernier must be one minute behindthe 
line on the limb first following that with which the zero 
of the vernier coincides ; the second line of the ver- 
nier must be two minutes behind the second on the 
limb; the third line on the vernier must 4>e three 
minutes behind the third on the limb ; and so on. If 
then, the vernier were to be moved forward till its first 
division line coincided with the first on the limb, the 
zero of the vernier would be one minute past the line 
on the limb with which it before coincided ; if moved 
till the second lines coincided, the zero of the vernier 
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vould be two minutes past the same line ; and in like 
manner for other coincidences. It therefore follows 
that for any position of the yernier, the nymber of the 
division line on it which coincides with one on the limb, 
must express the number of minutes that the zero of 
the vernier is past the division line on the limb, next 
preceding it. 

The arc indicated by the vernier index in any posi* 
tion is the arc intercepted in the direction in which 
the degrees are numbered between the zero line of the 
limb and the zero line of the vernier. Hence to find 
the arc, or as it is technically expressed, to read of the 
arc, we must add to the arc expressed by the number 
of whole degrees intercepted and the odd half degree, 
if there is one, the number of minutes indicated by the 
number of that division line on the vernier which coin- 
cides, or is the nearest to coincidence, with one on the 
limb. Thus, as the zero of the vernier in Fig. 115 
exactly coincides with the division line on the limb, 
numbered 50, the arc indicated is 50''. In Fig. 116, 
the zero of the vernier is past the line on the limb de- 
noting 52"^ 3(y, and the 21st division line of the ver- 
nier coincides with a line on the limb. The arc indi- 
cated is therefore 52° 51'. 

Sometimes it is requisite that the vernier should 
serve to read off an arc on either side of the zero line. 
In this case the zero of the vernier is placed at its mid- 
dle, and the division lines have two sets of numbers, 
as in Fig. 117. The upper numbers are used when the 
zero of the vernier is to the right of the zero of the 
arc, and the lower ones when it is to the left. The arc 
indicated by the vernier in the position that it has in 
the figure, is 2'' 12^ to the right. 

To determine the reading of a vernier, applied to a 
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graduated arc in which the value of the least division is 
more or less than half a degree, we must divide this ^ 
value by the number of divisions on the vernier, and 
the quotient will indicate the reading that the vernier 
is intended to give. In the nautical instrument called 
a sextant, the value of the least division on the limb is 
usually 10 minutes, and the vernier is divided into 60 
equal parts. Hence 10 minutes, or 600 seconds, di- 
vided by 60, gives 10 seconds for the reading of the 
vernier. ^ 

Description of the Tkeodoliie, 

The Theodolite is represented in Fig. 109. When 
in use, the lower circular plate AB is screwed fast to a 
three-legged stand or tripod, the upper part of which 
is represented in the figure. The circular platfe CD 
has a hollow axis passing through it at right angles at 
its centre, and firmly attached to it. The lower part 
of the axis terminates in a ball, to which it is fastened 
by a screw. This ball is partly enclosed in a socket 
projecting from the upper side of the plate AB ; the 
opening in the upper part of the socket being larger 
than the axis, so as to allow the latter some motion in 
every direction. In the lower plate AB, four screws, 
called levelling screws, are inserted, standing opposite 
each other in pairs, the tops of which press against 
the under side of the plate CD. These screws are 
turned by milled projections or heads, two of which 
are shown in the figure. By turning them in opposite 
directions, the position of the plate CD may be changed 
so that it may be made level, even when the lower 
plate AB has considerable inclination. 

The part GH of the instrument consists of two cir- 
cular plates in close contact with each other. The 
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lower one is called the graduated plaiCj and its cham* 
fered edge, which is usually made of silver, is called 
the /imb of the instrument. To the central part of 
this plate, a hollow axis is attached, the cavity of 
which fits to the outside of the axis of the plate CD, 
so that the former may move easily and steadily about 
the latter. The lower part of the axis is embraced by 
a clamping-piece that may be tightened or loosened by 
the screw £. When the clamp is loose, the graduated 
plate may be turned round by the hand ; but when it is 
made fast, the axis of the graduated plate, and conse- 
quently the plate itself, becomes firmly connected with 
the plate CD, and also, when the levelling screws are 
tight, with the stand of the instrument. The gradu* 
ated plate may however, when thus connected, be 
moved a small distance either way by turning the screw 
F, called a iangeni-screw^ which gives it a slow motion. 
Around the axis of the graduated plate is another hol- 
low axis, with which a telescope, called the lower tete* 
scope, is connected. When the axis of the graduated 
plate is clamped fast, this axis and the telescope may 
be made to revolve by turning the milled head I, and 
may be secured in any J^sition by the screw K, which 
clamps the axis to the graduated plate« 

The plate immediately above the graduated plate is 
called the vernier plate. It has, at its centre, a solid 
axis which fits into the cavities of the hollow axes of 
both the graduated plate and plate CD. When the 
screw L, which serves to clamp the vernier plate to 
the graduated plate, is loosened, the former may be 
turned round by hand ; and when this screw is made 
tight, a slow motion may be given to the vernier {date 
by the tangent-screw M» The vernier plate has two, 
or sometimes three, verniers at different parts of its 
19* 
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edge, which are chamfered for the purpose. When 
there are only two, they are placed directly opposite 
to each other. When there are three, they are placed 
at equal distances around the edge. The microscope 
S is used to enable the eye more certainly to distin- 
guish the line on the vernier that coincides with one 
on the limb. Two levels are placed on the vernier 
plate, at right angles to each other ; one of which is 
shown in the figure. 

The frame which supports the vertical semicircle 
and upper telescope with its attached level, is attached 
to the vernier plate by three screws at equal distances 
from one another. The immediate supports of this 
telescope are called tryc5, or Y's, from their resem- 
blance to the letter Y. The telescope is held in its 
place by two curved pieces, moveable on joints, which 
pass over it and are fastened by the pins T and U. 
When these pins are taken out, the pieces may be 
turned back and the telescope taken from its place and 
reversed^ that is changed end for end. 

In the tube of the telescope a fiat ring is placed at 
right angles to its axis, and connected with the tube by 
four screws, opposite to each other in pairs ; the heads 
of three of which, 6, c, and rf, are shown. Two spi- 
der's lines or very fine wires, at right angles to each 
other, are attached to the ring, in the directions re- 
spectively of each pair of screws, and intersecting 
each other in the centre of the ring. At each end of 
the principal tube, and fitting it on the inside, a short 
moveable tube is inserted. The one at the end to 
which the eye is applied, and which usually contains 
several glass lenses, may be moved out or in, by a 
small pin attached to its lower side, and may thus be 
80 adjusted as to render the spider's lines distinctly 
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visible. The tube at the other end, which contains 
one lens, may be moved out or in, by turning the milled 
head V, and may be thus so placed as to render an 
object to which the telescope is directed, as distinct as 
its distance permits. 

A straight line in the direction in which the inter- 
section of the spider's lines or wires is seen by an eye 
placed at the eye end of the telescope, is the line of 
sight of the telescope, and is technically called the 
line of colliTnation. The telescope is said to be directed 
to any point in an object, when it is so placed that the 
line of collimation passes through the point ; or which 
is the same, when the point is directly behind the in- 
tersection of the spider's lines. 

The semicircle PQ is called the vertical limb of the 
instrument. That face of it which is not seen in the 
figure is divided into degrees and half degrees, num- 
bered each way from a line taken as a zero or line ; 
and the arc is read by a vernier numbered as in Fig. 
1 17. The other face has two sets of unequal divi- 
sions on it, numbered each way from a zero line. One 
of these denotes the difference between the real dis- 
tance of an object to which the upper telescope is di- 
rected and its horizontal distance, expressed in 100th 
parts of the distance. The other denotes the vertical 
distance of the object, above or below a horizontal 
line, passing through the instrument, expressed in 100th 
parts of the horizontal distance. The vertical limb is 
moved so as to give to the telescope different inclina- 
tions to the horizon, by means of the milled head N. 

At the bottom of the frame which supports the ver- 
tical limb and upper telescope, and directly over the 
centre of the vernier plate, there is a compass box, 
containing a magnetic needle. This part of the 
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instrument may be used to take the bearing of an 
object in the same manner as a common compass. 

' ADJUSTMENTS OF THE THEODOLITE. 

In order that the theodolite may be in a good state 
for use, the line of collimation of the upper telescope 
should exactly coincide with the axis of the telescope ; 
the axis of the attached level should be parallel to this 
Une ; the axes of the levels on the vernier plate should 
be parallel to this plate ; the line of collimation of the 
telescope should, when the milled head N is turned, 
move in a plane perpendicular to the vernier plate ; 
and when this line is brought parallel to the vernier 
plate, the zero of the vertical limb should coincide with 
the zero of its vernier. Previous therefore to using 
the instrument, the different parts should be examined, 
and adjusted if necessary. This may be done by the 
following methods. 

FIRST ADJUSTMENT. 

To make the line of collimation coincide with the axis of 

the telescope. 

The instrument being firmly screwed on the tripod 
and the legs of the latter being sufficiently extended to 
ensure its remaining fixed in its position, loosen the 
clamp screw L, and turn the vernier plate till the tele- 
scope points to some distant object having on it a 
small weU-defined point. Then, having fastened the 
SCTew L, move the telescope by the tangent*screw M, 
and milled head N, till the line of collimation is di- 
rected exactly to the point. 

Revolve now the telescope in its Y's, half round, 
that is, till the level, from being directly below the tele 
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scope is directly above it. If the horizontal spider's 
line still coincides with the point, it requires no adjust- 
ment ; but if it does not, diminish the distance one- 
half, by loosening one of the screws c and d and tight- 
ening the other; and then bring the line to coincide 
with the point by means of the milled head N. Re- 
volve the telescope round to its first position, and if 
the horizontal line and point do not then coincide, 
repeat the operation till the coincidence has place in 
both positions. In a similar manner the vertical line 
may be adjusted. When both adjustments dre com- 
plete, the line of collimation should coincide with the 
same point during a complete revolution of the tele 
scope in its Y's. 

SECOND ADJUSTMENl. 

To make the axis of the level attached to the upper tele 
scope parallel to the line of collimation. 

Turn the vernier plate till the telescope comes di 
rectly over 'two of the levelling screws ; and if the 
telescope is not nearly in a horizontal position, make 
it so by turning the milled head N. Then turn the 
levelling screws over which the telescope stands, in 
opposite directions, till the bubble of the level stands 
exactly at the middle of the tube ; observing to keep 
the screws firm against the plate CD. When tliis is 
done, reverse the telescope in its Y's, and if the bubble 
does not stand at the middle of the tube, correct half 
of the deviation by one .of the screws m and n, which 
serve to raise or depress the ends of the level, and 
then, by the levelling screws, bring the bubble to the 
middle. Again reverse the telescope and repeat the 

correction if necessary. 

2F 
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Revolve now the telescope in its Y's so as to bring 
the level a considerable distance from its proper or 
lowest position, and if the bubble deviates from the 
middle of the tube, make the requisite correction by 
means of two screws, p and 9, which move the end of 
the level laterally, one of which is shown at p. When 
this part of the adjustment has been so made that the 
bubble will remain in the middle of the tube while the 
telescope is revolved either way, the first part of the 
adjustment should, by again reversing the telescope, 
be examined, and repeated if necessary. 

TfflRD ADJUSTMENT. 

To make the axes of the levels on the vernier plate paral^ 

lei to that plate. 

Turn the vernier plate till the upper telescope stands 
over two of the levelling screws; then one of the 
levels on this plate will be parallel to these two screws, 
and the other will be parallel to the other two. By 
means of these levelling screws bring the bubbles of 
both levels to stand in the middles of their respective 
tubes. Then move the vernier plate 180^ and if the 
bubble in either of the levels deviates from the middle, 
correct one-half of the deviation by one of the screws 
at its ends, and the other half by the levelling screws, 
parallel to it ; and if the bubble of the other level also 
deviates from the middle, proceed in the same way to 
correct the deviation. Repeat the operations till the 
bubbles of both levels will remain at the middles of 
their respective tubes during a complete revolution of 
the vernier plate. 
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FOURTH ADJUSTMENT. 

To make the axis about which the vertical limb revolves^ 

parallel to the vernier plate. 

Turn the vernier plate till the upper telescope i^ 
directed towards a well-defined, elevated point, on a 
house or other object, not very remote, and having 
clamped the plate, direct the telescope by means of the 
tangent-screw M and milled head N, exactly to the 
point Then turn the milled head N till the line ot 
collimation coincides with some well-defined point 
near the ground ; or, if none such is found, let an 
assistant make a suitable mark in the direction of the 
line of collimation when thus brought nearly horizon- 
tal. This being done, reverse the telescope in its Y'b ; 
and, proceeding as before, direct it to the elevated 
point. Then, if by turning the milled head N, the line 
of collimation is brought to coincide with the lower 
point or mark, the axis of the vertical limb is parallel 
to the vernier plate; but if this is not the case, the 
adjustment must be made by the screws which attach 
the upper frame to this plate. 

FIFTH ADJUSTMENT. 

.To adjust the vernier of the vertical limb^ or determine 
this correction which should be made, to allow for its 
deviation from correct adjustment. 

^ 

Direct the upper telescope to some elevated point 

and note the angle of elevation indicated by the ver- 
nier. Reverse the telescope in its Y's, and again direct 
it to the same point, and note the angle of elevation. 
If the angles are the^ same, the vernier is properly 

15 
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adjusted. If they differ, the position of the vernier 
requires adjustment ; and this may be effected by the 
screw v, which is one of those that fasten the upper 
frame to the vernier plate. 

Instead of changing the position of the vernier, we 
Tnay take half the difference of the two angles of ele- 
vation as a correction^ to be added to all those angles 
of elevation and subtracted from those of depression, 
that are taken with the telescope in that position in 
its Y^s, which gave the least of the two angles ; but 
to be applied in a reverse manner when the position 
of the telescope is that which gave the greater angle. 

SIXTH ADJUSTMENT. 

To make the axis about which the lower telescope revolves 
vertically^ perpendicular to the axis of the instrument. 

Turn the vernier plate till »the levels on it are re- 
spectively parallel to a pair of opposite levelling screws, 
and by means of these screws bring the bubbles to 
stand in the middles of the tubes ; the instrument is 
then levelled^ and its axis is perpendicular to the hori- 
zon. Suspend a plumb-line of considerable length at 
a short distance from the instrument, and loosening 
the clamping screw K, turn the milled head I, till the 
telescope is directed to the line, and then fasten the 
clamping-screw. Now, applying the hand to the eye- 
end of the telescope, move it vertically, and observe 
whether it continues directed to the line, throughout 
its whole extent. If it does^ the axis is properly ad- 
justed ; if it does not, the adjustment may be made 
by two small screws which move the remote end of 
the axis vertically. 

The lower telescope being used only as a guard tc 
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ascertain whether or not the ^horizontal limb of the 
instrument remains fixed while the vernier plate is 
made to revolve, in order to direct the upper telescope 
to an object, requires no other adjustment ^an the 
above, except those for dfistinct vision of the spider's 
lines and object.* 

In extensive practical operations, the above adjust* 
ments should be examined, and corrected if necessary, 
not only before the commencement, but every day or 

two during their continuance. 

# 

Of the arc of the horizontal limb, corresponding to a 
given position of the vernier plate. 

When there is but one vernier, the arc indicated by 
it is regarded as the corresponding arc. When there 
aie two or three, it is usual to distinguish them by 
calling one A, another B, and the third, if there is a 
third, C, and to consider the arc indicated by the ver- 

* When the foregoing adjustments have been completed for the first time, 
there is another examination which it is well to make. Direct the upper 
telescope to some well-defined point near the horizon, and note the arcs on 
the horizontal limb, indicated by the different verniers. Then having di- 
rected the lower telescope to the same point, fasten its clamping-screw K ; 
examining first, however, to see that the upper telescope has not changed 
its position, or if it has, bringing it back by the tangent-screw F. Reverse 
now the upper telescope in its Y's, and again direct it to the point ; exa- 
mining at the same time to see that the lower telescope has not changed its 
position, or, if it has, bringing it back by the tangent-screw F. Note the 
arcs indicated by each of the verniers ; and sulftract the arc indicated by 
each vernier in the former position from that in the latter, increasing that of 
the latter by 360^, if necessary. Add together the remainders, and divide 
the sum by the number of verniers. If the quotient is 180^, we infer that 
the axis about which the upper telescope revolves is, as it ought to be, at 
right angles to the line of coUimation of the telescope. If the quotient dif- 
fers materially from 180°, the instrument is imperfect, except one of the Y's 
is laterally adjustable. Where this is not the case, the imperfection can 
Mily be well remedied by an instrument-maker. If the remainders men- 
tioned above differ much from each other, we infer that the instrument has 
not been well centered, or not well divided. 
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nier A, as expressing the position of the vernier plate, 
at least very nearly ; the readings of the other ver- 
niers being used tnefely as a test, or means of cor- 
recting ^e former. We therefore note the arc indi- 
cated by the vernier A. Then note the minutes of the 
arc indicated by the vernier B; but instead ef the 
number of degrees indicated by it, we take either the 
number indicated by the vernier A, or this number in- 
creased or diminished by a unit, so that the arc set 
down for the vernier B, may be very nearly the same 
as that for the vernier A. If there is a third vernier 
C, we proceed in the same manner. Then the sum of 
the arcs obtained for each vernier, divided by the num- 
ber of verniers,* will give the value of the arc corre- 
sponding to the given position of the vernier plate, or, 
as it is sometimes expressed, the arc indicated by the 
verniers. Thus, if we suppose the instrument to have 
three verniers, and that^ for a given position of the 
plate, the reading of the vernier A is 142^ 2^, of B, 
26r 58', and of C, 22'' 3' ; then, instead of these quan- 
tities for B and C, we write for B, 141° 58', and for C, 
142° 3'. Adding together 142° 2^, 141° 58', and 142° 3', 
and dividing the sum by 3, we obtain 142° T, for the 
arc indicated by the verniers. 

PROBLEM I. 

To measure with the Theodolite the horizontal angular 
distance of two objects^ as seen from a given station. 

By means of a plumb-line suspended from the centre 
of the plate which forms the top of the tripod, set the 

* When, as is commonly the case, the number of the degrees of the arc 
for each vernier is the same, we need only divide the sum of the minutes 
of the arcs, by the number of verniers, and annex the quotient to that nuip- 
ber of degrees. 
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centre of the instrument directly over the station- 
mark, and then level it, as directed in the sixth adjust- 
ment Direct the upper telescope to the object which 
stands to the left^ when the face is turned towards the 
angle to be measured, and note the readings of the 
verniers. Then, having directed the lower telescope 
to the same object and fastened its clamping-screw K, 
direct the upper telescope to the other object, and note 
the readings of the verniers ; observing first however, 
whether there has been any change in the position of 
the lower telescope ; and if there has, bringing it back 
to the object at the left by means of the tangent-screw 
F, and again by the tangent-screw M, adjusting the 
direction of the upper telescope to the object at the 
right. Subtract the arc which expresses the first posi- 
tion of the vernier plate, found from the readings of 
the verniers, from that which expresses the second po- 
sition, found in like manner, increasing the latter by 
360"*, if necessary, and the remainder will be the angle 
required.* 

* Sometimes, in order to give greater precision to the result, the operatiea 
is repeated two or three or more times. When this is done, the verniers 
need only be read at the first and last positions of the Temier plate. The 
method of proceeding is as follows : After the upper telescope has been 
directed to the object at the right, loosen the clamping-screw E, and turn 
the instrument round till the upper telescope points towards the object at the 
left, then fasten the screw, and by means of the tangent-screw F, direct the 
telescope accurately to the object. Then, having directed the lower tele- 
scope to this object, and fastened its clamping-screw, direct the upper tele- 
scope again to the object at the right, in the usual way. The vernier plate 
must then have moved, from its first position, a distance equal to twice the 
measure of the angular distance of the objects. If the operation be again 
repeated, the distance moved by the plate must be equal to three times the 
measure of the angle; and so on. Hence, if the arc which expresses the 
first position of the vernier plate be subtracted from that which expresses its 
last position, and the remainder, or, when the plate has made more than a 
complete revolution, the remainder increased by 360^, be divided by the 
number which denotes the number of times the operation has been per 
formed, the quotient will be the angle required. 

\ 
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PROBLEM n. 

m 

To measure a -vertical angle with the Theodolite. • 

The instrument being placed and levelled, direct the 
upper telescope to the point, of which the angle of ele- 
vation or depression is to be taken. Then, if the ver- 
nier of the vertical limb is accurately adjusted, the 
angle indicated by it will be the angle required. When 
this is not known to be the case, after having noted 
the arc indicated by the vernier, move the vertical 
limb till the telescope is horizontal, as indicated by the 
bubble of its level standing in the middle of the tube, 
and note the arc then indicated by the vernier. If in 
both positions the zero of the limb is on the same side 
as the zero of the vernier, subtract one arc from the 
other ; but if on different sides, add the two arcs toge- 
ther. The result will be the required angle. 

PROBLEM III. 

Fo measure with the Theodolite^ the angles of a trad of 
land, as ABCDEFGHA, Fig. 110; and having these 
and the measures of the sides, to find the content. 

Set up the instrument at one of the angles as A, and 
also set up sight poles at H and B, or at some distant 
points in the sides AH and AB, and then measure the 
angle as directed in Prob. I. Proceed in the same way 
to measure the other angles of the tract, observing 
that the angle H, which is called a re-entrant angle, is 
to be regarded as measured by the arc abc, and is 
therefore greater than 180^ 

When there are fences or other obstructions along 
the sides, the instrument must be set up at some dis- 
tance from the comer, and the poles must be placed 
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respectively^ as far from each ^ide as the instrument is 
from the range of that side, so that straight lines from 
the instmment to the poles, may be parallel to the sides. 

With the theodolite, or, which is better, with a com- 
pass, take the bearing of one of the sides, as AH. 
With this bearing and the angle A, find the bearing 
of AB. Then with the bearing of BA, which is the 
reverse of the bearing of AB, and the angle B, find the 
bearing of BC ; and proceed thus, to find the bearings 
of the other sides. 

Having measured the horizontal lengths of the sides, 
and obtained the bearings from the measured angles, 
the content may be found by prob. 12, chap. HI. ; ob- 
serving that as the differences of latitude and the de- 
partures are given in the traverse table, only for every 
quarter of a degree, they should be computed for each 
side by prob. 10, chap. I. ; or, if they are taken from 
the traverse table, proportional parts should be applied 
for the odd minutes, above full quarters of a degree. 

Noie 1. When the angles of the tract have all been 
measured, the accuracy of the measures may be tested 
as follows. Subtract 2 from the number of sides of 
the tract, and multiply 180'' by the remainder; the 
product will express the sum of all the interior angles 
(32. 3. cor. 1.) Hence if the sum of the measured 
angles is equal, or very nearly equal, to this sum, they 
may be regarded as having been correctly taken ; but 
should the sums differ considerably, an error in one or 
more of the angles must have been committed, and the 
operations should be repeated. 

2. In measuring the lengths of the sides, if any of 
them have a considerable ascent or descent, and if 
20* 2G 
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I 

this ascent or descent is tolerably regular, it will be 
more convenient to measure their real lengths along 
the ground, and then by the theodolite determine for 
each of them the quantity that must be subtracted in 
order to obtain the horizontal lengths. To do this, 
let a mark be made on the pole at the farther end of 
the line, at the same height from the ground as the 
axis of the vertical limb of the theodolite, and direct 
the upper telescope to this mark. The index to that 
arc of the vertical limb, which is graduated for the 
purpose, will then indicate the number of links which 
must be subtracted from each chain in the measured 
length, to obtain the horizontal length. 

3. Instead of measuring all the sides and angles, we 
may take two or three or more stations within the 
tract, and apply the method given in the 13th problem 
of chap. III. The stations should be so chosen that 
none of the angles contained between the lines which 
connect any two of the stations with a corner of the 
tract, should be either very acute or very obtuse. 
When the stations are judiciously chosen, their hori- 
zontal distances accurately measured, and the requi- 
site angles, contained between the lines joining the 
stations with one another and with the comers of the 
tract, are carefully taken with a good theodolite, the 
content may in this way be very correctly determined. 
We may also, if it is required, compute the sides and 
angles of the tract ; and thence, if the bearing of one 
of the sides or of one of the lines joining a station 
with a corner, has been taken, the bearings of all the 
sides may be obtained. 
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PROBLEM IV. ^ 

To run a line with the Theodolite from one end B^of a 
given line AB^ Fig. 118, that shall make a given angle 
with that line. 

Let the theodolite be placed at B and levelled. 
Then, a sight-pole being set up at A, direct the tele- 
scopes to it and note the arc indicated by the verniers. 
Add the given angle to this arc, &nd turn the vernier 
plate till the arc indicated by its verniers is equal to 
the sum, and clamp it in that position. Look through 
the lower telescope to ascertain whether the graduated 
plate has changed its position, and if it has, bring it 
back by the tangent-screw F. If the upper telescope 
is not nearly parallel with the ground in the direction 
in which it points, make it so, by turning the milled 
head N, and then let a sight-pole be set up at some 
distant point exactly in the direction of the line of col- 
liroation. Suppose C to be such a point. Then will 
BC be the required line. This line may be, if desired, 
marked by driving a number of stakes into the ground 
at convenient distances along it, using the telescope to 
have them accurately placed. 

^ it is required to extend the line beyond the point 
C, let a sight-pole be set up at B, and the theodolite be 
removed to C. Then proceed to set up a pole at an 
other point D, exactly as directed above, except that 
the given angle must now be considered as being 180% 
in order that CD may be in the same direction with 
BC. Or, after having directed the telescope to the 
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pole at B, we may, instead of turning the vernier plate 
180% let it remain unmoved, and reverse the telescope 
in its Y's, which will amount to the same. Proceeding 
thus from point to point, we may extend the line to 
any required distance. 



\ 



CHAPTER Vm. 



LEVELLING. 

The surface of an expanse of tranquil water or any 
similar surface concentric with it, is called a Level Sur- 
face. Any points situated in a level surface are said 
to be on the same level ; and any line traced in such a 
surface is called a line of level. 

If through any place, a level surface be conceived to 
pass, the distance which another place is from this sur- 
face, either above or below, measured on a line per- 
pendicular to it, is called the difference of level of the 
two places. 

Levelling is the art of determining the difference or 
differences of level of two or more places. 

i 

In consequence of the globular figure of the earth, a 
level surface is not, as it appears to be, a plane surface. 
It is nearly, though not exactly, spherical. In the ope- 
rations of levelling we may, without sensible error, 
regard a level surface at any place, as being strictly a 
spherical surface, with a radius equal to 3956 miles, 
the mean radius of the earth, or, which is more exact, 
with a radius equal to 3968 miles ;* the centre being 

* The earth', if we disregard the iDequalities in its sntface, is an ohlate 
Rpheroid. Its polar diameter is 7899 miles, and its eonatorial diameter 
79*25 miles. A level surface is therefore a spheroidal surface. The radius 
of the spherical surface which most nearly coincides with any small portion 
of this spheroidal surface, changes slightly with the latitude of the plaee. 
For any place in the United States, the greatest error which can occur from 

237 
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in a straight line conceived to be drawn downwards 
from the place, perpendicular to the level surface. And 
for places not very remote from each other, we may 
regard the spherical surfaces of level passing through 
them, as having a common centre. 

Let A and B, Fig. 120, be twd places, not very 
remote from each other, and C, the common centre of 
the spherical surfaces of level passing through them. 
With the centre C and radius CA, describe the arc Aa. 
Then will Aa be a line of level of the place A, and Ba 
will be the difference of level of the two places A and B. 

The line Ad, drawn perpendicular to CA, is called a 
line of apparent level of the place A. It is the line of 
level that would be indicated by an accurately adjusted 
levelling instrument placed at A. The distance ad is 
called the correction of the apparent level. This correc- 
tion must be subtracted from the height Bd of the ap- 
parent level to obtain the height Bcr, of the true level. 
The correction varies as the square of the distance 
from the place.*' The following table contains the 

eonsidering the level surface passingr through it, as a spherical surface with 
a radius equal to the mean radius of the earth, is about ^ of an inch for a 
distance of two miles. For a spherical suifaoe with a radius 5 or 6 miles 
greater than the equatorial radius of the earth, the greatest error is about yV 
of an inch, at the same distance. It may be further observed, that the 
greatest error or greatest deviation of the spherical from the spheroidal sur- 
face, varies as the square of the distancp froqn the place. 

* We have (36.3), (2Ca + ad), adz=:kd\ But as «2, for any distance 
to which a single sight in levelling is ever extended, is extremely small in 
comparison with 2Ca, wc may, without sensible error, take 2Ca instead of 

(SCa 4- ad). We shall thus have SCo, ad = kd^ ; or ad =: ^. Conse- 

quently as Ca is constant, ad varies as the square of the distance Ad varies. 

Let the value of ad be required for a distance of 100 chains or 6C0O feet. 

Then taking Ca = 3968 miles, we have 3Ca = 7936 miles = 7936 x 5^80 
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value of the correction in decimal parts of a foot, for 
each chain of distance, from 1 to 120. 



TABLE, 

Giving the differences between the true and apparent leveU 
for distances from 1 /o 120 chains. 



Chains. 

1 


Feet. 


Cbaini. 


I'eet. 


Chains. Feet. 


Chains. 


Feet. 


Chains. 


Feet. 


.000 


25 


.065 


49 


.250 


73 


.554 


97 


.978 


2 


.OOO 


26 


.070 


50 


.260 


74 


.569 


98 


.998 


3 


.001 


27 


.076 


51 


.270 


75 


.585 


99 


1.019 


4 


.002 


28 


.082 


52 


.281 


76 


.600 


100 


1.040 


5 


.003 


29 


.087 


53 


.292 


77 


.616 


101 


1.060 


6 


.004 


30 


.094 


54 


.303 


78 


.632 


102 


1.082 


7 


.005 


31 


.100 


55 


.314 


79 


.649 


103 


1.103 


8 


.007 


32 


.106 


56 


.326 


80 


.665 


104 


1.124 


9 


.008 


33 


.113 


57 


.338 


81 


.682 


105 


1.146 


10 


.010 


34 


.120 


58 


.350 


82 


.699 


106 


1.168 


11 


.013 


35 


.127 


59 


.362 


83 


.716 


107 


1.190 


12 


.015 


36 


.135 


60 


.374 


84 


.734 


108 


1.213 


13 


.018 


37 


.142 


61 


.387 


85 


.751 


109 


1.235 


14 


.020 


38 


.1.50 


62 


.400 


86 


.769 


110 


1.258 


15 


.023 


39 


.158 


63 


.413 


87 


.787 


111 


1.281 


16 


.027 


40 


.166 


64 


.426 


88 


.805 


112 


1.304 


17 


.030 


41 


.175 


65 


.439 


89 


.823 


113 


h327 


18 


.034 


42 


.183 


66 


.453 


90 


.842 


114 


1.351 


19 


.038 


43 


.192 


67 


.467 


91 


.861 


115 


1.375 


20 


.042 


44 


.201 


68 


.481 


92 


.880 


116 


1.399 


21 


.046 


45 


.211 


69 


.495 


93 


.899 


117 


1.423 


22 


.050 


46 


.220 


70 


.509 


94 


.919 


118 


1.447 


23 


.055 


47 


.230 


71 


.524 


95 


.938 


119 


1.472 


24 


.060 


48 i .240| 72 


.539 96 


.958 


120 


1.497 



feet. ' Hence ad = 



6600* 



100* X 66* 100* X 66 



= 1.0396 ft 



7936 X 6280 7936 X 6280 7936 X 80 
Having the correction for 100 chains, we easily obtain it for any other 
distance by the foil oaring proportion : As 100' : square of given distance in 
chains : : 1.0396 : the required correction, in feet. 
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When a ray of light passes obliquely through por- 
tions of air of different densities, it becomes bent 
from a straight line, and enters the eye so as to make 
the point from which it proceeds appear in a direction 
slightly different from its true direction. This effect 
is called Refraction; and when the point, or body 
from which the light proceeds, is on or near the earth, 
it is called Terrestrial Refraction. Terrestrial Refrac- 
tion generally makes the point appear to be more ele- 
vated than it really is. Thus it is not actually the 
point d of the line CE, Fig. 120, that, to an eye at A, 
appears to be at d^ but another point c, a little below 
d. If therefore we wish to notice the effect of refrac- 
tion, we must take ac instead of ac2, for the correction 
of apparent level. In temperate climates, cd is, in 
the usual state of the atmosphere, about i of ad. 
Consequently we may obtain the correction of appa- 
rent level with allowance for refraction, by diminishing 
the correction given in the preceding table by a | part. 

As the effect of refraction in the common operations 
of levelling is always small, and is subject to consi- 
derable variations depending on the state of the air 
between the object and place of observation, it is com- 
monly disregarded. It would, however, in general be 
better to allow for it as above, except when the object 
is but little distant from the place of observation, or 
when, by the method noticed in the next article, the 
desired result is obtained independently of the cor- 
rection of apparent level. 

Let CD, Fig. 121, be the line of apparent level indi- 
cated by a levelling instrument L, placed midway be- 
tween the places A and B ; also let the arc be be the 
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line of true level passing through the instrument, the 
arc Aa, concentric with the former, the line of true 
lerel of the place A, and AC and BD, lines perpen- 
dicular to Aa. Then in consequence of the equaUty 
of the distances LC and LD, we have bC equal to 
cD ; and therefore as Ab is equal to oc, we have AC 
equal to aD. Consequently Ba, the difference of level 
of the places A and B, is obtained by subtracting AC, 
the height of the apparent level of the instrument, at 
A, from BD, its height at B. We thus obtain the dif- 
ference of level of the two places, independently of 
the correction of apparent level. It is also indepen- 
dent of refraction, as the effect of refraction would be 
sensibly the same for the two points C and D, and in 
the same direction. It may be observed that it is not 
necessary the instrument should be directly between 
the places. It may be placed in any convenient po- 
sition on either side of the line joining them, pro- 
vided its distances from the places are equal, or very 
nearly so. 

OF THE LEVELLING INSTRUMENT. 

The Levelling Instrument^ or Levd as it is frequently 
called, is an instrument used to denote the line of ap- 
parent level. It is supported, like the theodolite, on a 
tripod. The instrument, without the tripod, is repre- 
sented in Fig. 119. Its lower part is nearly similar to 
the corresponding part of the theodoUte. The plate 
HH, which screws on the tripod, has four levelling- 
screws inserted in it, by means of which the plate G6 
may be placed in a horizontal position, even when the 
former is considerably inclined. S is a damp-screw 

2H 



242 LEVELLING. [cHAP. YllI* 

and O a tangent-screw. The bar EE is firmly at- 
tached at right angles to an axis, which terminates in 
a ball, enclosed in the socket R. In some instruments 
this bar is enlarged at the middle so as to form a com- 
pass box, in which a magnetic needle is placed. The 
telescope AB is supported on two wyes, Yl and Y2, 
one of which, Yl, is firmly connected with the bar 
EE, and the other, Y2, is moveable a small distance 
up or down by the screw N, or in some instruments 
by two screws, M and P. The eye-tube L is move- 
able in or out by hand, so as to render the spider's 
lines distinctly visible, and the tube which contains 
the object-glas^ is moved by turning the milled head 
d^ and may thus be so adjusted as to give distinct 
vision of an object to which the telescope is directed. 
One end, C, of the flpirit-level CD is moveable up or 
down by the screw m, and the other end is moveable 
laterally by two opposite screws p and y, of which 
only p appears in the figure. 

The following adjustments of the level should be 
examined, and corrected if necessary, before using it 
in practical operations. 

FIRST ADJUSTMENT. 

To make the line of collimaiion coincide totih the axis of 

the telescope. 

Having screwed the level to the tripod and set up 
the instrument so as to stand firmly, loosen the clamp- 
screw, turn the telescope towards some distant well- 
defined object, and fasten the screw. By means of 
the tangent-screw move the telescope slowly till the 



CHAP. VIII.] I.BTELLINO. 243 

line of coUimation is directed exactly to some disjtinct 
point in the object, and then proceed according to the 
instructions in the second paragraph of the first ad- 
justment of the theodolite. 

SECOND ADJUSTMENT. 

To make the axis qf the level CD^ parallel to the line of 

collimation. 

By turning the screw N, bring the bubble of the 
level to stand at the middle of the tube. Reverse the 
telescope in its wyes, and, if the bubble does not then 
stand in the middle, correct one half of the deviation 
by the screw m, and the other half by the screw N. 
Again reverse the telescope in its wyes, and repeat the 
correction if necessary. 

Now by revolving the telescope in its wyes, bring 
the level to some distance on one side of its lowest 
or proper position, and if the bubble then deviates from 
the middle, the deviation must be corrected by means 
of the screws p and y, which move one end of the 
level laterally, the correction being continued till the 
bubble will remain at the middle while the telescope 
is revolved so as to bring the level to a considerable 
distance on either side of its lowest position. When 
this has been done, the first part of the adjustment 
should again be examined and corrected if neces- 
5arv.* 

* A method by which the second adjastment may be made for an instru 
mcQt in which the telescope is not rerersible, will be found in the first of 
the following problems. 
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TfflRD ADJUSTMENT. 

To make the line of collimation parallel to the bar EE^ 
or which is the samej at right angles to its axis. 

Turn the telescope till it statids directly over two 
of the levelling-screws, and by means of them bring 
the bubble to stand at the middle of the tube. Then 
turn the telescope half round, that is, till it stands 
over the same screws, but pointing in the opposite 
direction, and if the bubble does not remain in the 
middle, correct one half of the deviation by the level- 
ling-screws and the other half by the screw N. Now 
place the telescope over the other levelling-screws, and 
oroceed in a similar manner. Continue the correc- 
tions till the bubble will remain in the middle of the 
lube during an entire revolution. 

These adjustments having been carefully made, the 
instrument is ready for use. When on the ground it 
must, in each new position in which it is placed, be 
levelled. This is done by placing the telescope over 
two of the levelling-screws and by their means bring- 
ing the bubble of the level to the middle of the tube, 
then doing the same with the telescope over the other 
two, and again over the first two. Then, if the third 
adjustment has been accurately made, the bubble will 
stand in the middle of the tube in any position of the 
telescope. 

OF THE LEVELLING STAFF. 

A Levelling Staff consists of a square or rectangu- 
ar staff and a small circular or rectangular board. 
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. called a Vane^ which is so attached to the staff as to 
be moTcable aloDg it from end to end. It is used for 
measuring the height of the line of apparent level 
passing through the telescope of the levelling instru- 
ment, above the place where the staff is placed. 

The face of the vane, represented in Fig. Ill, is 
divided into four equal parts by two straight lines 
intersecting each other at right angles ; one line being 
horizontal, and consequently the other vertical. Two 
opposite parts of the face are painted white and the 
other two black ; thus the lines and their intersection 
are easily distinguished even at a considerable dis- 
tance. A screw, the bead of which is shown at m, 
serves to clamp the vane to the staff in any required 
position. 

The staff is composed of two rectangular bars of 
wood, between five and six feet long, placed side by 
side, and forming together a square staff, the breadth 
of each side of which is about an inch and a quarter. 
The bars are so connected that one, which is two or 
three inches the shorter of the two, may be made to 
slide along the other or principal bar, and thus, when 
necessary, increase the length of the staff. In order 
to this, the front or sliding bar has throughout its 
length, on the side next the other, a projection which 
is terminated by a brass plate a little wider than the 
projection and firmly attached to it ; and the principal 
bar has a groove in it to receive the projection and 
plate of the former. The forms of the projection 
and groove are exhibited in Fig. 112, which repre* 
sents a section of the bars, at right angles to their 
length. 
21 • 
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The staff is represented in Fig. 1 13, in which bcefd 
18 the principal bar, which is capped at the bottom 
with a brass plate ; bd is the sliding bar, A is the vane, 
seen edgewise, and n is a screw which serves to clamp 
the bars together in any given position. One side of 
each bar is (j^^^ded, from bg upwards, into feet and 
hundredths of a foot ; the feet being numbered as in 
the figure. The subdivisions of the feet are omitted 
as they could not well be all exhibited. ' On the cham- 
fered edge of a brass plate connected with the vane, a 
fine line a is drawn, directly opposite to the horizontal 
line of the vane. The line a serves therefore to de- 
note on the side of the principal bar, the height that 
the vane is above the line bg, when that height does 
not exceed 5 feet. 

The height of the vane above the line bg is usually 
called the height of the vane, although it is less than 
its true height above the ground or place on which 
the staff stands, by the length of the part be. This 
however produces no error in the use of the staff in 
levelling, as the difference in level of two places is 
found from the difference in the heights at the places, 
of a line of apparent level passing through the level- 
ling instrument, and this difference will evidently be 
the same whether both heights are measured from the 
ground, or both from' the line bg. 

When it is required to raise the vane to a greater 
height than 5 feet, it must be slid up to a pin at p^ 
which checks it at that height, and be fastened there 
by the screw m. Fig. 111. Then loosening the screw 
n. Fig. 114, the front bar, which carries the vane, may 
be slid upwards till the vane acquires the required 
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height When this is done, that point on the gradu- 
ated side of the sliding bar, which corresponds to the 
line marked 5, on the principal bar, will evidently indi- 
cate the height of the vane. 

SCHOLIUM* 

The theodolite, levelling-instrument, and levelling- 
staflf, are made of various forms and of different de- 
grees of perfection. Those which have been described 
are, when well made, good and convenient instruments; 
and from the descriptions which have been given of 
them, the student will find it easy to understand the 
manner of adjusting and using others which may dif- 
fer from them in form. 



PROBLEM L 

To test the adjustment of the level. 

Select a place where the ground is tolerably level 
for a distance of 15 or 20 chains, and at each extre- 
mity of the distance chosen, as at A and B, Fig. 122| 
drive a short stake. Set up the level by the stake at 
A, placing it so that the eye-end of the telescope may 
be over or nearly over the stake^ and level the instru- 
ment. Place the levelling-staff on the stake, raising 
or lowering the vane till its horizontal line is at ex- 
actly the same height as the centre of the eye-end of 
the telescope, and note the height. Now let an as- 
sistant take the staff and set it up vertically on the 
stake at B. Direct the telescope to the middle of the 
breadth of the staff, and then, by raising or lowering 
the hand as a signal, direct the staff-bearer to raise or 
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lowei the vane, repeating the signal till its centre ap- 
pears precisely in the direction of the line of coUima- 
tion, or at least exactly of the same height. When 
this is the case, by a circular motion of the hand, 
direct the vane to be clamped, and again sight to it 
to ascertain that in clamping, its height has not been 
changed. Note the height of the vane, and subtract 
from it the correction of apparent level corresponding 
to the distance between the stakes, taken from the 
preceding table, or rather this correction diminished 
by a 7 part, to allow for refraction. Then, if the 
instrument is accurately adjusted and the observations 
have been carefully made, the dijSerence between the 
height of the vane at A, and its corrected height at 
B, will be the true difference of level of the tops of 
the two stakes; the higher being that at which the 
height of the vane is the less. Placing now the in- 
strument at B, proceed in the same manner to find 
again the difference of level of the stakes. If this 
difference is the same as the former, the adjustment of 
the instrument is correct. iBut if there is any mate- 
rial difference in the two results, we infer that the 
axis of the level is not parallel to the line of collima- 
tion. To make it so, take half the difference of the 
results obtained, and let the vane, taken in its last po- 
sition, be elevated or depressed by that quantity, accord 
ing as the result obtained at the more elevated of the 
two stakes, is less or greater than that obtained at the 
other.* Then, by the screw N, bring the line of colli- 

* Let ab be the line of apparent level through the instrument when placed 
ot A, and oe, the line of apparent level indicated by the instmment. Then 
cd being the line of apparent level through the instrument when placed at 
B, the line cf making the angle fLd equal to 6Le, and consequently df 
equal to be, will be the line of apparent level indicated by the instrument. 
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mation to point exactly to the horizontal line of the 
vane, and with the telescope in that position, bring the 
bubble again to the middle of the tube by the screw m. 

Note. In this manner the axis of the level may be 
made parallel to the line of coUijnation when the tele- 
scope is not reversible, as is the case in some instru- 
ments. 

EXAMPLE. 

Let the height Aa, be 5.295ft.;* Be, 2.063ft.; Be, 
5.527ft. ; and A/*, 8.935ft. ; and the horizontal distance 
from A to B, 20 chains. 

The distance being 20 chains, the correction for ap- 
parent level, taken from the table, is 0.042ft. From 
thig deducting \ of 0.042, we have 0.035ft. for the cor- 
rection to be subtracted from the heights Be and A/! 
This gives, for the corrected heights, Be = 2.028ft., and 
A/= 8.900ft. Hence, taking 2.028 from 5.295, we 
have 3.227ft. for the true difference of level obtained 
with the instrument at A ; the place B being higher 
than A. And taking 5.527 from 8.900, we have 3.373ft. 
for the difference of level obtained with the instrument 
at B. Half the difference of these results gives 0.053ft. 
for the value of df^ the error due to the error in the 

It is tltc^ofore evident that the difference of level of the two places obtained 
with Xu3 instrument at A, is less than the true difference by the quantity 6«, 
and the difference obtained with the instrument at B, is greater than the 
true difference, by the equal quantity df. Hence the difference of the two 
results must be twice Sf^ the error in height produced by the error in the 
adjustment of the instrument. 

* Althoagh the station staff is only divided to hundredths of a foot, we 
may with tolerable precision estimate the thousandths ; and when great 
accuracy is desired, ii is better to do so. 

21 
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adjustment of the instrument. Hence, as the differ- 
ence of level given by the instrument at the more ele* 
vated place is greater than the other, the vane must 
be lowered 0.053ft. from its last height. The adjust 
ment may then be made as directed. 

PROBLEM n. 

To determine the difference of level of two places^ A and 
Bj Fig. 123, when they are visible from each other and 
do not differ in level more than 8 or 10 feet. 

Place the level in some position C, about equally 
distant from the places, either in the line joining them 
or on either side as may be most convenient, and level 
the instrument. Let the staff-bearer set up the level- 
ling-staff at A, and having sighted to it and obtained 
the height of the vane at that station, let the staff be 
removed to B, and do the same. Then the difference 
of the two heights, without any corrections, will be the 
difference of level of the places ; that place being the 
higher, at which the height of the vane is the less. 

If the surface of the ground between the places is 
such that when the level is placed at equal or nearly 
equal distances from them, the line of apparent level 
of the instrument would pass below one place or too 
high above the other, as in Fig. 124, it may be placed 
in any position C, that will permit the sights to be 
taken to both places. Then, having measured the 
horizontal distances from A to C, and from C to B, we 
proceed as above, except that the observed heights Aa 
and B6 must be corrected by the differences between 
the true and apparent level, as taken from the table ; 
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or, which is generally better, by the tabular quantities 
diminished by a } part. It may, however, be observed 
that when neither of the distances AC nor BC, exceeds 
five or six chains, the corrections are so smajl that 
they may be generally omitted. 

When a valley intervenes between the two places 
so that there is no suitable intermediate situation for 
the instrument, it may be placed at one of them ; and 
then the difference of level may be determined as in 
the preceding problem. 

EXAMPLES. 

1. Let the observed height Aa, Fig. 123, be 7.343ft. 
and B6, 3.635ft. ; then the difference of these, 3.708ft. 
is the difference of level of A and B, the place B being 
higher than A. 

2. Let the observed height Aa, Fig. 124, be 8.457ft. ; 
B&, 1.525ft.; the distance from A to C, 24.1ch.; and 
the distance from C to B, 8.2ch. 

The correction for the distance 24.1ch., taken from 
the table and diminished by a ^ part, is 0.050ft., and 
for the distance 8.2ch., it is 0.006ft. The corrected 
heights are therefore Aa, 8.407ft. and B6, 1.519ft. 
Hence the difference of level is 6.888ft. 

PROBLEM ra. 

To find the difference of level of two places not visible 
from each other^ or if visible, differing considerably in 
level. 

Let A and F, Fig. 125, be the two places. Place 
the level in some position P, that will permit a sight to 
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be taken to A, and also to some other place towards 
Fj at about the same distance from the instrmnent. 
Having levelled the instrument, let the staff-bearer 
set up the staff at A, and when the sight has been 
taken, let him note the height of the vane as a first 
back'^gJu. Then let the staff be taken to some sta- 
tion B, about as far from the instrument as that is 
from the station A, and when the sight has been taken, 
let the height of the vane be noted as the first fore- 
sight. Next, the staff-bearer remaining at B, take 
the level to some suitable place Q, beyond B, and pro- 
ceed to take a back-sight to B, and then a fore-sight 
to a new station C. In the same manner the operation 
must be continued from C to D, from D to E, and from 
E to F ; the number of intermediate stations necessary 
to be taken, depending on the irregularities in the 
ground and on the difference of level of the given 
places. 

Take the difference between the sum of the back- 
sights and the sum of the fore-sights, and it will be the 
difference of level of E and F ; the place F being 
higher or lower than A, according as the sum of the 
back-sights is greater or less than that of the fore- 
sights.* 



* Let GF be a line of level through the place F ; then AG is the difference 
of level of the two places A and F. Now we have, 

Sum of back-sights, 

= Aa+Bc-hCc-f D^+E/= Afl+6c+B6+C€+ D^+E/. Also, 

Sum of fore-sights, 

= BHCrf+D/+EA4-Fm= Bft-hCc+crf+D^+^/f EZ+IA-f F 
= Fw+a+g/+cd+B6+C«+Dg+E/=9rf+B6+Cc-fDg+E/ 

^ =jBc+B6-|-C«+D^-|-E/=AG4-Aa+ftc+B6+C«+D^-fE/. 

The difference of these sums is AG, the difference of level of the placen 
A and F. 
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N<^e. It is ndt necessary that either the interme- 
diate stations or the places of the instrument should 
be in the direct line between the given places; and 
frequently it will be found convenient to deviate con- 
siderably from that line. . It may further be observed 
that although it is generally best to take each pair of 
the sights at equal or nearly equal distances, as the 
correction for apparent level is thus avoided, and also 
a slight deviation of the axis of the level from paral- 
lelism with the line of collimation will not then -sensibly 
affect the accuracy of the result, yet sometimes in 
order to diminish the number of stations the sights are 
taken at unequal distances. When this is done, the 
distances must be measured and the sights be corrected 
as directed in such case, in the last problem. 

EXAMPLE. 

Let the back-sights and fore-sights. Fig. 125, be as 
in the following table. 

Back-Bights. Fore-sights. 

1. 7.103ft. 1.566ft. 

2. 9.227 3.178 

3. 1.236 9.415 

4. 1.610 . 6.367 

5. 2.125 • 9.910 



Sum 21.301 Sum 30.436 

21.301 



Diff. 9.135ft. 

Hence the difference of level of A and F is 9.135ft. 
and as the sum of the back-sights is less than that of 
the fore-sights, the place F is lower than A. 



CHAPTER IX. 



TOPOGRAPHY. 

Topography is a branch of surveying,* the object 
of which is to determine and designate on a map, the 
various undulations and inequalities in the surface of 
a particular place, tract of land or district of country. 
A map in which these inequalities, the courses of 
streams, and sometimes other circumstances, as the 
positions and extents of forests, marshes, &c., are de- 
signated, is called a topographical map. 

In addition to the boundaries and content of a tract 
of land, it is frequently required that the various slopes 
and irregularities of the surface should be determined 
and designated, in order to give a more complete view 
of the ground, and to afford the means for an appro- 
priate location of buildings or works of any kind that 
may be designed ta be erected on it. 

If we assume the surface of a tract of land to be 
intersected by a number 'of level surfaces or horizontal 
planest at equal distances from t)ne another, and trans- 
fer all the lines of level in which these planes meet 
the surface of the ground to an assumed horizontal 



* Tlie term 6urve3rin^ is here used in a more extended sense than as d^ 
fined in the first chapter. 

f In tracts of any moderate extent, the surfaces of leyel may, for the pnr- 
Do«e for which they are here introduced, be regarded as horizontal planes 

254 



OBAP. IX.] TOPOGRAPHY. 255 

• 

plane passing through the lowest point, making them 
occupy positions on that plane, corresponding with 
their positions on their respective planes, the varia- 
tions in the distances of the lines from one another, 
when thus transferred, will indicate the variations in 
the incUnation of the ground. For as the difference 
of level from line to line is the same, it is evident thai 
the horizontal distances of the lines^ taken in any di* 
rection, will diminish as the inclination in that direction 
increases. Thus in ABCD, Fig. 129, which represents 
a small tract, of which the length AB is 1000 feet and 
the breadth AD, 800 feet, the lines 10, 20, 30, Ace, 
represent lines of level in which horizontal planes at 
the distance of 10 feet from one another, intersect the 
surface of the ground. The lowest level passes 
through the point F, at which the stream EF leaves 
the tract. From F the ground rises more rapidly to 
the left than to the right, as is indicated by the lines 
of level being nearer to one another on that side than 
on the other. In passing from F towards the corner 
B of the tract, we may observe that the acclivity, 
which is gentle, increases till we come to the 30 feet 
level, then diminishes to the 40 feet level; it then 
again increases, and more rapidly, to the 60 feet level, 
and lastly slightly diminishes to the 70 feet, or highest 
level. In descending, the declivity continually dimin- 
ishes to B. From the point / in the side AD, the 
ground descends moderately towards the corner A, the 
declivity diminishing till the surface becomes nearly 
evel ; and from the stream, towards A, the acclivity, 
which is slight, diminishes, so that between the two 
branches of the 30 feet line of level and the comer A, 
the ground is nearly level. 
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The distance which should be taken for the distance 
of the assumed planes from one another, must depend 
on the extent of the survey, the inequalities in the sur- 
face, and the degree of minuteness with which it is 
required that they should be designated. It may vary 
from 3 or 4 to 20 or 30 feet, according to circum- 
stances. 

The levelling required for a topographical survey 
may be performed either with a level or theodolite. 
Where there is considerdile ascent or descent in the 
ground, the latter is the most convenient instrument ; 
and although the results obtained with it are not in 
general as accurate as those that may be obtained 
with a good level, they are, when due care is taken, 
sufficiently so for the object in view. When the theo- 
dolite is used, the sight should be taken to a point at 
the same height above the ground at the station, as 
the axis about which the upper telescope revolves is 
above the ground at the place of the instrument. To 
do this, let an assistant place and clamp the vane of a 
levelling-staff at that height, or make a mark at the 
same height on a pole ; and when he has taken the 
staff or pole to the station and set it up vertically, 
sight to the vane or mark. When this is done, the 
difference of level between the station and place of the 
instrument, expressed in 100th parts of the horizontal 
distance of the two, will be indicated on the vertical 
limb. It is however better, except when the horizon- 
tal distance is quite small, to obtain the difference of 
level from that distance and the angle of elevation or 
depression. 
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PROBLEM L 

Having given the back-sights and fore ^sights taken to a 
number of consecutive stations^ or to two or more con- 
nected series of stations^ to determine the heights of the 
stations above a line of level or surface of level through 
the lowest* 

1 • When there is but one series of stations. Assume 
for the height of the first station above some assumed 
line of level, any quantity taken at pleasure, observing 
however to make it sufficiently great for the assumed 
line of level to be lower than the lowest station, or at 
least as low. To the assumed height of the first sta« 
tion add the first back-sight, and from the sum subtract 
the first fore-sight, and the remainder will be the 
height of the second station above the assumed line 
of level. With this height and the second back-sight 
and second fore-sight proceed in like manner to find 
the height of the third station ; and thus on to the 
last. Now subtract the least of the heights obtained, 
which must be that of the lowest station,- from each 
of the others, and the remainders will be the heights 
of the other stations above the line of level passing 
through the lowest. 

2. When there are two series of stations connected by 
intervening sights between the first station of the first 
series and the first of the second series. Assume for 
the height of the first station of the first series, a 
quantity sufficiently great for the assumed surface of 
level to be below all the stations, or at least as low as 
22 • ' 2K 
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the lowest, and proceed as directed above, to obtain 
the heights of the other stations of that series above 
the assumed surface of level. Then commencing again 
with the assumed height of the first station, proceed 
in like manner with the sights connecting that with 
the first station of the second series, and with the 
sights' to the stations in this series, to find the heights 
of all these stations. When this is done, subtract the 
least of all the heights obtained from each of the 
others, and the remainders will be the required heights. 

3. In like manner, whatever be the number of the 
series of stations, the heights of all the stations, above 
a surface of level passing through the lowest, may be 
obtained. 

Note. If it is required to find the heights of the 
stations above a line or surface of level at a given dis- 
tance below the lowest or any other given station, it 
is easily performed by applying to the heights of the 
stations above the assumed level, the difference be- 
tween the height of that station above the assumed 
level and its height above the given level. 

SXAHPLBS. 

1. Taking to the nearest length of a foot, the back- 
sights and fore-sights given in the example to the last 
problem of the preceding chapter, it is required to find 
the heights of the stations A, B, C, &c. Fig. 125, above 
a line of level passing through the lowest. 

Assume the height AL, of the station A, above an 
assumed line of level LM to be 15 feet. Then we 
have 



J.', 



•♦». 
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the lowest, and proceed as directed above 
the heights of the other stations of that se r *' i, ij^re Ot 
the assumed surface of level. Then commer • J, % 
with the assumed height of the first static • Q i» 
in like manner with the sights connecting « ]^ ^ 
the first station of the second series, an* • p ^^ 
sights' to the stations in this series, to find * p ^ 
of all these stations. When this is done, : 
least of all the heights obtained from c , 
others, and the remainders will be the requ: ^ ^ignts, « •» 

'^^wJerelihrr,,/ 
3. In like manner, whatever be the nu -iiSii; Q 20^i{ 
series of stations, the heights of all the st' - 
a surface of level passing through the lo' 

obtained. - -^-j* , 
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At the fourth station a stream of water crosses the 
line, and is noted by the letters sir. placed by the side 
of the distance. 



PROBLEM in. 

To determine those points along a line running in a 
given direction, that are at given heights above a given 
line or surface of level 

Proceed, as directed in the last problem, to find the 
heights above the given line or surface of level, of 
those points in the line where tiiere is any material 
change in the inclination of the ground, and also their 
distances from the commencement of the line. Ob- 
serve between which two of the heights obtained, any 
one of those given falls, and take their difference. 
Also take the difference between the given height and 
that one of the two which appertains to the point 
nearest the beginning of the line. Then, as the first 
difference : the second : : the horizontal distance be- 
tween the points : to a fourth term, which added to 
the distance of the point nearest the beginning of the 
line, will give the distance of the required point. 

Proceed in the same manner with the other given 
heights. 

Or we may draw, by the last problem, a profile of 
the ground, as EF, Fig. 128, in reference to the given 
line of level ef, and on ea, perpendicular to ef, set off 
the given heights, taking them from the scale used in 
setting off the heights of the stations. Then, through 
the points in the line ea, draw lines parallel to ef as 
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in the figure ; and from the points in which these meet 
the profile £F, draw lines parallel to ea. The dis* 
tances from e, at which tliese last lines meet ef, will 
be the horizontal distances of the required points, frooi 
the beginning of the line. 

BXAMPLK. 

Let the data found on the ground be the same as 
in the example to the last problem, and let the give| 
heights of the required points be 10, 20, 30, 40, &c 
feet. 

The distances and heights of , the stations being the 
same as for the profile in Fig. 127, we shall obtain a 
similar profile EF, Fig. 128. Drawing the lines paral- 
lel to ^ at distances from it, equal to 10, 20, 30, 4ic 
feet, we find that the first line above ^ does not meet 
the profile EF. Consequently there is no point in the 
latter so low as 10 feet above the given level. Each 
of the other parallels meets th^ line EF in two points. 
There are therefore two points in the line at the height 
of 20 feet above the given level ; two at the height of 
30 feet ; and so on to 70 feet. The distances «, 40 ; 
e, 30 ; &c., on the line ef^ are the distances of the 
required points from the beginning of the line. 

In illustration of the first method of finding the dis- 
tances of the required points from the beginning of 
the line, as the given heights of the stations evidently 
show that there is no point in the line so low as 10 
feet above the given level, let it be required to find a 
point at the height of 20 feet. On examining the 
given heights of the stations, we perceive that there 
most be two such points; one between the 3d and 
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4th Stations, and one between the 4th and 5th. For 
the first of these we take the difference between 15.3 
and 22.0, which is 6.7; the difference between 20.0 
and 22.0, which is 2.0 ; and the difference between the 
distances 230 and 336, which is 106. Hence, as 
6.7 : 2.0 : : 106 : 32. Adding therefore 32 to 230, 
we have 262 feet for the distance of this point. 

^ PROBLEM IV. 

To determine the undulations and inequalities of the mr- 
face in a tract of land ABCD^ Fig. 129, and to draw 
a topographical map designating them. 

With a compass or theodolite, run a number of 
lines, ai, cdf, e/*, &c. across the tract, parallel to one 
of the sides, as AB ; making them nearer together or 
farther apart, according to the inequalities in the 
ground and the degree of minuteness with which it is 
intended to designate them. Drive stakes at the be- 
ginnings and ends of the lines AB, ab, cd^ &c., and at 
all the points along them where there is any material 
change in the inclination of the ground, and proceed 
to level from stake to stake along these lines and the 
line AC ; also measure the distances of the stakes , 
from the commencement of the lines, or from one an- 
other. Then, by problem I., find the heights of all 
the stations where the stakes are driven, above a sur- 
face of level passing through the lowest station. 

Now, having drawn the lines a6, erf, ef^ &c. in their 
proper positions on the map, determine, by the last 
problem, the points in these lines and the lines AB 
and DC, that correspond to heights in the lines on the 
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ground, of 10, 20, 30, 40, &c. feet, above the surface 
of level passing through the lowest station, or to any 
other heights, increasing by equal differences, that may 
be deemed expedient. Through each set of points 
appertaining to the same height, draw a 'curve line. 
The curve lines thus drawn will represent lines of 
level of 10 feet, 20 feet, &c., or of the number of feet, 
of the heights used in obtaining them, whatever that 
may be. 

These lines serve to indicate the changes in the 
inclination of the ground. But it is usual, instead of 
drawing them distinctly with ink, to draw them with 
a pencil only, or faintly with Indian-ink, and then to 
shade the map by short straight lines, drawn perpen- 
dicularly from each curve of higher level, to that of 
the next lower ; the lines being drawn closer together 
and rather heavier as the distance between the lines 
of level diminishes. For those parts of the <ground 
that are level, or very nearly so, the shading is omit- 
ted. The greater or less darkness of the shading on 
the different parts of the map, therefore indicates a 
greater or less inclination in the ground in those parts ; 
and the omission of the shading in any parts, indicates 
that in those places the surface is level, or very nearly 
so. In Fig. 130, we have a map of the tract, shaded 
tis described above. 

Nate. It is not necessary that the lines on which 
the levels are taken should be run parallel to one an- 
other. They may be run making given angles with 
any given lines of the survey. Sometimes it is de- 
sired that the surface of a particular part of the tract 
should be designated with more minuteness than is 

2L 
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important for other remote parts. In this case it yf^i 
be found convenient to determine the position of some 
point near the middle of the part which it is desired 
particularly to designate, and then to run lines from 
this point, in directions making angles of 20"* or 3(f 
with one another. 

It may be further remarked, that instead of taking 
the surface of level through the lowest point, as the 
plane of reference, we may, if preferred, take that 
through the highest. The former is however the one 
generally taken. 

The operations to be performed in this problem, so 
far as observations on the ground and numbers are 
concerned, are merely repetitions of those which have 
bee^ exemplified in the preceding problems. An ex* 
ample is not therefore necessary. . 
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To determine the inequalities in the surface of the ground 
along a line running in a given direction^ and to draw 
an irregular or curved line to represent them. 

Let short stakes be driveD at the beginning and end 
of the line» and at each point along it where there is 
any material change in the inclination of the ground ; 
and let the horizontal distance of each stake from the 
beginning of the line, or the distances from stake to 
stake, be measured. Then level from stake to stake, 
using intermediate stations whenever the difference of 
level between any two is too great to permit sights to 
be taken to both from a single position of the instru- 
ment. Find, by the last problem, the heights of the 
stations, where the stakes are placed, above a line of 
level passing through the lowest, or above any assumed 
or given line of level. 

» 

Draw a straight line ef Fig. 127, to represent the 
line of level to which the heights of the stations are 
referred, and on it make ea^ e&, es, ec, &c., equal to the 
distances of the stations from the beginning of the 
line. From the points e, a, 6, «, &c., draw lines per 
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pondicolar to ^f, and make them equal to the heights 
of the respective stationa. Through the tops of these 
perpendiculars, draw the curved line EF, which will be 
the line required to be drawn. 

The line EF is called a ProJUe of the ground in the 
direction of the given line. 

Note. The heights of the perpendiculars are fre- 
quently taken from a scale three or four times as great 
as that used in laying off the horizontal distances. 
When this is done, the curved line, or profile, as it is 
still called, indicates more distinctly the lesser changes 
in the incUnation of the ground. 
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The distances of the stations along a given line, 
measured from the beginning of the line, and their 
heights above a given line of level, determined by the 
last problem, from sights taken on the ground, being 
as below, the profile of the ground in the direction of 
the line, obtained by taking the heights from a scale 
three times as great as that^ from which the distances, 
are taken, will be that of Fig. 127. 
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4.39 


63 


54 


53.87 
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61 
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62 
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62.81 
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64 
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64.80 
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5.38 


66 
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65.82 


4.89 


65.80 


5.18 


66.77 


5.47 


66 


67 


66.84 


4.67 


66.82 
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67 
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6.71 


69 
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PROBLEM II. 


7 
8 


7.1 
2.5 



To determine the inequalities in the surface of the ground 
along a line running in a given direction^ and to draw 
an irregular or curved line to represent them. 

Let short stakes be drivea at the beginning and end 
of the line^ and at each point along it where there is 
any material change in the inclination of the ground ; 
and let the horizontal distance of each stake from the 
beginning of the line, or the distances from stake to 
stake, be measured. Then level from stake to stake« 
using intermediate stations whenever the difference of 
level between any two is too great to permit sights to 
be taken to both from a single position of the instru- 
ment. Find, by the last problem, the heights of the 
stations, where the stakes are placed, above a line of 
level passing through the lowest, or above any assumed 
or given line of level. 

ft 

Draw a straight line ef Fig. 127, to represent the 
line of level to which the heights of the stations are 
referred, and on it make ea^ eb^ es, ec, &c., equal to the 
distances of the stations from the beginning of the 
Une. From the points e, a, i, s, &c., draw lines per 
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pcindicolar to efj and make them equal to the heights 
of the respective stations. Through the tops of these 
perpendiculars, draw the curved line EF, which will be 
the line required to be drawn. 

The line EF is called a FtoJUb of the ground in the 
direction of the given line. 

NiAe. The heights of the perpendiculars are fre- 
quently taken from a scale three or four times as great 
as that used in laying off the horizontal distances. 
When this is done, the curved line, or profile, as it is 
still called, indicates more distinctly the lesser changes 
in the inclination of the ground. 



BXAMFLE< 



The distances of the stations along a given line, 
measured from the beginning of the line, and their 
heights above a given line of level, determined by the 
last problem, from sights taken on the ground, being 
as below, the profile of the ground in the direction of 
the line, obtained by taking the heights from a scale 
three times as great as that< from which the distances, 
are taken, will be that of Fig. 127. 
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PROBLEM II. 
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To determine the inequalities in the surface of the ground 
along a line running in a given direction^ and to draw 
an irregular or curved line to represent them. 

Let short stakes be drivea at the beginning and end 
of the line» and at each point along \% where there is 
any material change in the inclination of the ground ; 
and let the horizontal distance of each stake from the 
beginning of the line, or the distances from stake to 
stake, be measured. Then level from stake to stake* 
using intermediate stations whenever the difference of 
level between any two is too great to permit sights to 
be taken to both from a single position of the instru- 
ment. Find, by the last problem, the heights of the 
stations, where the stakes are placed, above a line of 
level passing through the lowest, or above any assumed 
or given line of level. 

• 

Draw a straight line ef^ Fig. 127, to represent the 
line of level to which the heights of the stations are 
referred, and on it make ea^ eb^ es^ ec^ &c., equal to the 
distances of the stations from the beginning of the 
line. From the points e, a, i, «, &c., draw lines per 
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pundicolar to ef^ and make them equal to the heigl;its 
of the respective statioas. Through the tops of these 
perpendiculars, draw the curved line EF, which will be 
the line required to be drawn. 

The line EF is called a ProJUe of the ground in the 
direction of the given line. 

Note. The heights of the perpendiculars are fre- 
quently taken from a scale three or four times as great 
as that used in laying off the horizontal distances. 
When this is done, the curved line, or profile, as it is 
still called, indicates more distinctly the lesser changes 
in the inclination of the ground. 



BXAMFLE. 



The distances of the stations along a given line, 
measured from the beginning of the line, and their 
heights above a given line of level, determined by the 
last problem, from sights taken on the ground, being 
as below, the profile of the ground in the direction of 
the line, obtained by taking the heights from a scale 
three times as great as that' from which the distances, 
are taken, will be that of Fig. 127. 
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11.05 


76.15 


11.38 


76.10 


11.71 


77 
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77.19 


11.19 


77.14 


11.53 


77.09 


11.87 


78 


79 ) 78.23 


10.99 


78.18 


11.34 


78.13 


11.68 


78.08 


12.02 


79 
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79.22 


11.13 


79.17 


11.48 


79.12 


11.82 


79.07 


12.17 


80 


81 


80.21 


11.27 


80.16 


11.62 


80.11 


11.97 


80.06 


12.32 


81 


82 


81.20 


11.41 


81.15 


11.77 


81.10 


12.12 


81.05 


12.47 


82 


83 


82.19 


11.55 


82.14 


11.91 


82.09 


12.27 


82.03 


12.63 


83 


84 


83.18 


11.69 


83.13 


12.05 


83.08 


12.42 


83.02 


12.78 


84 


m 


84.17 


11.83 


84.12 


12.20 


84.07 


12.56 


84.01 


12.93 


a5 


86 
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11.97 


85.11 


12.34 


85.06 


12.71 


85.00 


13.08 


86 


87 


86.15 


12.11 


86.10 


12.48 


86.04 
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85.99 


13.23 


87 


88 
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12.25 


87.09 


12.63 


87.03 


13.01 
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13.39 


88 


89 


88.13 
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88.08 


12.77 


88.02 


13.16 


87.96 


13.54 


89 
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9t 


89.12 


12.53 


89.07 


12.91 


89.01 


13.30 


88.95 


13.69 


90 


90.11 


12.66 


90.06 


13.06 


90.00 


13.46 


89.94 


13.84 


91 


92 


91.10 


12.80 


91.05 


13.20 


90.99 


13.60 


90.93 


14.00 


92 


93 


92.09 


12.94 


92.04 


13.34 


91.98 


13.75 


91.92 


14.15 


93 


94 


93.09 


13.08 


93.03 


13.49 


92.97 


13.89 
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94 


95 


94.08 
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94.02 


13.63 


93.96 
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93.89 
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95 


96 
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13.36 


95.01 


13.78 


94.95 


14.19 


94.88 
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96 


97 


96.06 


13.50 


96.00 


13.92 


95.93 


14.34 


95.87 


14.76 


97 


98 
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13.64 


96.99 


14.06 


96.92 
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98 


99 
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13.78 


97.98 


14.21 
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99 
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22.68 


3.80 


22.67 


3.90 
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30.67 
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32.57 
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32.55 
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6.10 
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6.59 
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42 
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44 
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52 
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51.32 
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8.58 
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8.81 


52 
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8.29 


52.31 


8.52 


52.27 


8.75 
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53 


54 


53.34 


8.45 
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8.68 


53.26 


8.91 


53.22 


9.14 


54 


55 


54.32 


8.60 


54.28 


8.84 


54.25 


9.08 


54.21 


9.31 


55 


56 


55.31 


8.76 


55.27 


9.00 


55.23 


9.24 


55.19 


9.48 


56 


57 


56.30 


8.92 


56.26 


9.16 


56.22 


9.41 


56.18 
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57 


58 
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9.07 


57.25 


9.32 


57.20 


9.57 
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58 


59 


58.27 
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9.48 


58.19 


9.74 
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59 
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61 
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61 
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9.54 
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9.81 
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10.07 


60.12 


10.33 


62 
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9.97 


61.15 
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61.10 


10.50 


62 


63 


62.22 
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62.18 


10.13 


62.14 
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62.09 
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63 


64 
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10.01 


63.17 


10.29 


63.12 


10.56 


63.08 


10.84 


64 


as 
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10.17 
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10.45 
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64.06 
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65 


66 


65.19 
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65.14 


10.61 


65.09 


10.89 


65.05 


11.18 


66 


67 


66.18 


10.48 


66.13 


10.77 


66.08 


11.06 


66.03 


11.35 


67 


68 


67.16 


10.64 


67.12 


10.93 


67.07 


11.22 


67.02 


11.52 


68 


69 


68.15 


10.79 


68.10 


11.09 


68.05 


11.39 


68.00 


11.69 


69 


70 


69.14 


10.95 


69.09 


11.25 


69.04 


11.55 


68.99 


11.85 


70 


71 


70.13 


11.11 


70.08 


11.41 


70.03 


11.72 


69.97 


12.02 


71 


72 


71.11 


11.26 


71.06 


11.57 


71.01 


11.88 


70.96 


12.19 


72 


73 


72.10 


11.42 


72.05 


11.73 


72.00 


12.05 


71.95 


12.36 


73 


74 


73.09 


11.58 


73.04 


11.89 


72.99 


12.21 


72.93 


12.53 


74 


75 


74.08 


11.73 


74.02 


12.06 


73.97 


12.38 


73.92 


12.70 


75 


76 


75.06 


11.89 


75.01 


12.22 


74.96 


12.54 


74.90 


12.87 


76 


77 


76.05 


12.05 


76.00 


12.38 


75.94 


12.71 


75.89 


13.04 


77 


78 


77.04 


12.20 


76.99 


12.54 


76.93 


12.87 


76.87 


13.21 


78 


79 


78.03 


12.36 


77.97 


12.70 


77.92 


13.04 


77.86 


13.38 


79 


80 


79.02 


12.51 


78.96 


12.86 


78.90 


13.20 


78.84 


13.55 


80 


81 


80.00 


12.67 


79.95 


13.02 


79.89 


13.37 


79.83 


13.72 


81 


82 


60.99 


12.83 


80.93 


13.18 


80.88 


13.53 


80.82 


13.89 


82 


83 


81.98 


12.98 


81.92 


13.34 


81.86 


13.70 


81.80 


14.06 


83 


84 


82.97 


13.14 


82.91 


13.50 


82.85 


13.86 


82.79 


14.23 


84 


85 


83.95 


13.30 


83.89 


13.66 


83.83 


14.03 


83.77 


14.39 


.85 


86 


84.94 


13.45 


84.88 


13.82 


84.82 


14.19 


84.76 


14.56 


86 


87 


85.93 


13.61 


85.87 


13.98 


85.81 


14.36 


85.74 


14.73 


87 


88 


86.92 


13.77 


86.86 


14.15 


86.79 


14.52 


86.73 


14.90 


88 


89 


87.90 


13.92 


87.84 


14.31 


87.78 


14.69 


87.71 


15.07 


89 


90 


88.89 


14.08 


88.83 


14.47 


88.77 


14.85 


88.70 


15.24 


90 


91 


89. R8 


14.24 


89.82 


14.63 


89.75 


15.02 


89.69 


15.41 


91 
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90.87 


14.39 


90.80 


14.79 


90.74 


15.18 


90.67 


15.58 


96 


93 


91.86 


14.55 


91.79 


14.95 


91.72 


15.35 


91.66 


15.75 


93 


94 


92.84 


14.70 


92.78 


15.11 j 


92.71 


15.51 


92.64 


15.92 


94 


95 


93.83 


14. C6 


93.76 


15.27 


93.70 


15.68 


93.63 


16.09 


95 


96 


94.82 


15.02 


94.75 


15.43 


94.68 


15.84 


94.61 


16.26 


96 


97 


95.81 


15.17 


95.74 


15.59 


95.67 


16.01 


95.60 


16.43 


97 


98 


96.79 


15.33 


96.73 


15.75 


96.66 


16.17 


96.58 


16.60 


98 


99 


97.78 


15.49 


97.71 


15.91 


97.64 


16.34 


97.57 


16.77 


99 
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98.70 
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1.28 
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1.31 


7 
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10 
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10.81 
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11 
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12 
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2.31 
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13.77 
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22 


r - c s^-* 


22.63 


4.09 


22.61 


4.19 
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27.55 


4.98 


27.53 


5.10 
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35.43 


6.41 


35.40 


6.56 


35.37 


6.71 
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39 


\m »» 
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42.25 


8.02 


43 


M 43>33 


7.64 


43.30 


7.83 


43.26 


8.02 


43.23 


8.21 


44 


4> 44.3t 


7.81 


44.28 


8.01 


44.25 


8.20 


44.21 


8.39 


45 


#'4S.30 


7.99 


45.27 


8.19 


45.23 


8.38 


45.19 


8.58 


46 


4T 


46.» 


8.16 


46.25 


8.36 


46.21 


8.57 


46.18 


8.77 


47 


« 


47.27 


8.34 


47.23 


8.54 


47.20 


8.75 


47.16 


8.95 


48 


49 


48.26 


8.51 


48.22 


8.72 


48.18 


8.93 


48.14 


9 14 


49 


30 


49.S4 


8.68 


49.20 


8.90 


49.16 


9.11 


49.12 


9.33 


50 


11 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


^ 


1 
















^1 


)«f. 1 m 


D*. 


tH 


D«8^. 


m 


D«8^. 


'^ 



TRAVERSE TABLE. 



23 



q 


lODflf. 


l(^D€g. 


lOi Deff. 


lOi Dep. 


^~ 


• 










g 


Lat 


Dep. 


Lat. 


Dep. 


Lat. Dep. 


Lat. 


Dep. 


s 


51 


50.23 


8.86 


50.19 


9.08 


50.15 


9.29 


50.10 


9.51 


51 


5S 


51.21 


9.03 


51.17 


9.25 


51.13 


9.48 


51.09 


9.70 


52 


A3 


52.19 


9.20 


52.15 


9.43 


52.11 


9.66 


52.07 


9.89 


53 


54 


53.18 


9.38 


53.14 


9.61 


53.10 


9.84 


53.06 


10.07 


54 


55 


54.16 


9.55 


54.12 


9.79 


54.08 


10.02 


54.03 


10.26 


55 


56 


55.15 


9.72 


55.11 


9.96 


55.06 


10.21 


65.02 


10.46 


56 


67 


56.13 


9.90 


56.09 


10.14 


56.05 


10.39 


56.00 


10.63 


57 


58 


57.12 


10.07 


57.07 


10.32 


57.03 


10.57 


66.98 


10.82 


58 


59 


58.10 


10.25 


58.06 


10.50 


58.01 


10.75 


57.96 


11.00 


59 


eo 


59.09 


10.42 


59.04 


10.68 


59.00 


10.93 


58.96 


11.19 


60 


61 


60.07 


10.59 


60.03 


^0.85 


59.98 


11.12 


59.93 


11.38 


61 


62 


61.06 


10.77 


61.01 


11.03 


60.96 


11.30 


60.91 


11.66 


62 


63 


62.04 


10.94 


61.99 


11.21 


61.95 


11.48 


61.89 


11.75 


63 


64 


63.03 


11.11 


62.98 


11.39 


62.93 


11.66 


62.88 


11.94 


64 


65 


64.01 


11.29 


63.96 


11.57 


63.91 


11.85 


63.86 


12.12 


65 


66 


65.00 


11.46 


64.95 


11.74 


64.89 


12.03 


64.84 


12.31 


66 


67 


65.96 


11.63 


65.93 


11.92 


65.88 


12.21 


65.82 


12.50 


67 


68 


66.97 


11.81 


66.91 


12.10 


66.86 


12.39 


66.81 


12.68 


68 


69 


67.85 


11.98 


67.90 


12.28 


67.84 


12.57 


67.79 


12.87 


69 


70 


68.94 


12.16 


68.88 


12.46 


68.83 


12.76 


68.77 


13.06 


70 


71 


69.92 


12.33 


69.87 


12.63 


69.81 


12.94 


69.75 


13.24 


71 


72 


70.91 


12.50 


70.85 


12.81 


70.79 


13.12 


70.74 


13.43 


72 


73 


71.89 


12.68 


71.83 


12.99 


71.78 


13.30 


71.72 


13.62 


73 


74 


72.88 


12.85 


72.82 


13.17 


72.76 


13.49 


72.70 


13.80 


74 


75 


73.86 


13.02 


73.80 


13.35 


73.74 


13.67 


73.68 


13.99 


75 


76 


74.85 


13.20 


74.79 


13.52 


74.73 


13.85 


74.67 


14.18 


76 


77 


75.83 


13.37 


75.77 


13.70 


76.71 


14.03 


75.66 


14.36 


77 


78 


76.82 


13.54 


76.76 


13.88 


76.69 


14.21 


76.63 


14.55 


78 


79 


77.80 


13.72 


77.74 


14.06 


77.68 


14.40 


77.61 


14.74 


79 


80 


78.78 


13.89 


78.72 


14.24 


78.66 


14.58 


78.60 


14.92 


80 


81 


79.77 


14.07 


79.71 


14.41 


79.64 


14.76 


79.68 


16.11 


81 


82 


80.75 


14.24 


80.69 


14.59 


80.63 


14.94 


80.66 


15.29 


82 


83 


81.74 


14.41 


81.68 


14.77 


81.61 


15.13 


81.64 


15.48 


83 


84 


82.72 


14.59 


82.66 


14.95 


82.59 


15.31 


82.63 


16.67 


84 


85 


83.71 


14.76 


83.64 


15.13 


83.58 


15.49 


83.61 


15.85 


as 


86 


84.69 


14.93 


84.63 


15.30 


84.56 


16.67 


84.49 


16.04 


86 


87 


85.68 


15.11 


85.61 


15.48 


86.54 


15.85 


86.47 


16.23 


87 


88 


86.66 


15.28 


86.60 


15.66 


86.53 


16.04 


86.46 


16.41 


88 


89 


87.65 


15.45 


87.58 


15.84 


87.51 


16.22 


87.44 


16.60 


89 


50 


88.63 


15.63 


88.56 


16.01 


88.49 


16.40 


88.42 


16.79 


90 


91 


89.62 


15.80 


89.55 


16.19« 


89.48 


16.58 


89.40 


1«.97 


91 


92 


90.60 


15.98 


90.53 


16.37 


90.46 


16.77 


90.39 


17.16 


92 


93 


91.59 


16. IS' 


91.52 


16.55 


91.44 


16.96 


91.37 


17.35 


93 


94 


92.57 


16.32 


92.50 


16.73 


92.43 


17.13 


92.35 


17.53 


94 


95 


93.56 


16.50 


^.48 


16.90 


93.41 


17.31 


93.33 


17.72 


95 


96 


94.54 


16.67 


94.47 


17.08 


94.39 


17.49 


94.32 


17.91 


96 


97 


95.53 


16.84 


95.45 


17.26 


95.38 


17.68 


95.30 


18.09 


97 


98 


96.51 


17.02 


96.44 


17.44 


96.36 


17.86 


96.28 


18.28 


98 


99 


97.50 


17.19 


97.42 


17.62 


97.34 


18.04 


97.26 


18.47 


99 


100 


98.48 


17.36 


98.40 


ir.79 


98.33 


18.22 


98.26 18.66 


100 


1 


Dep. 


Lat 


I/cp. 


Lat. 


Dep. 


Lat 1 


Dep. 1 Lat 


■ 


1 


wi>^- 1 


79fDaf. 1 


791 Def . 1 


791 Def • 



TRAVERSE TABLE. 



q 


iD«g. 


i Deg. 


|Deg. 


g! 


g 














1 


8 

• 
1 


Lat. 


Dep. 


Lat 


Dep. 


Lat 


Dep. 


1.00 


0.00 


1.00 


0.01 


1.00 


0.01 


s 


2.00 


0.01 


2.00 


0.02 


2.00 


0.03 


2 


'3 


3.00 


0.01 


3.00 


0.03 


3.00 


0.04 


3 


4 


4.00 


0.02 


4.00 


0.03 


4.00 


0.05 


4 


5 


5.00 


0.02 


5.00 


0.04 


5.00 


0.07 


6 


6 


6.00 


0.03 


6.00 


0.05 


6.00 


0.08 


6 


7 


7.00 


0.03 


7.00 


0.06 


7.00 


0.09 


7 


8 


8.00 


0.03 


8.00 


0.07 


8.00 


0.10 


8 


9 


9.00 


0.04 


9.00 


0.08 


9.00 


0.12 


9 


10 
11 


10.90 


0.04 


10.00 


0.09 


10.00 


0.13 


10 
11 


11.00 


0.05 


11.00 


0.10 


11.00 


0.14 


12 


12.00 


0.05 


12.00 


0.10 


12.00 


0.16 


12 


13 


13.00 


0.06 


13.00 


0.11 


13.00 


0.17 


13 


14 


14.00 


0.06 


14.00 
15.00 


0.12 


14.00 


0.18 


14 


15 


15.00 


0.07 


0.13 


15.00 


0.20 


15 


16 


16.00 


0.07 


16.00 


0.14 


16.00 


0.21 


16 


17 


17.00 


0.07 


17.00 


0.15 


17.00 


0.22 


17 


18 


18.00 


0.08 


18.00 


0.16 


18.00 


0.24 


18 


19 


19.00 


0.08 


19.00 


0.17 


19.00 


0.25 


19 


20 
21 


20.00 


0.09 


20.00 


0.17 


90.00 


0.26 


20 
21 


21.00 


0.09 


21.00 


0.18 


21.00 


0.27 


22 


22.00 


0.10 


22.00 


0.19 


22.00 


0.29 


22 


23 


23.00 


0.10 


23.00 


0.20 


23.00 


0.30 


23 


24 


24.00 


0.10 


24.09 


0.21 


24.00 


0.31 


24 


25 


25.00 


0.11 


25.00 


0.22 


25.00 


0.33 


25 


26 


26.00 


0.11 


26.00 


0.23 


26.00 


0.34 


26 


27 


27.00 


0.12 


27.00 


0.24 


27.00 


0.35 


27 


28 


. 28,QQ 


0.12 


28.00 


0.24 


28.00 


0.37 


28 


^ 


29.00 


0.13 


29.00 


0.25 


29.00 


0.38 


29 


30 
31 


30.00 


0.13 


30.00 


0.26 


30.00 


0.39 


30 
31 


31.00 


0.14 


31.00 


9.27 


31.00 


0.41 


32 


32.00 


0.14 


32.00 


0.28 


32.00 


0.42 


32 


33 


33.00 


0.14 


33.00 


0.29 


33.00 


0.43 


33 


34 


34.00 


0.15 


34.00 


0.30 


34.00 


0.45 


34 


35 


35.00 


0.15 


35.00 


0.31 


35.00 


0.46 


35 


36 


36.00 


0.16 


36.00 


0.31 


36.00 


0.47 


36 


37 


37.00 


0.16 


37.00 


0.32 


37.00 


0.48 


37 


38 


38.00 


0.17 


38.00 


0.33 


38.00 


0.50 


38 


39 


39.00 


0.17 


39.00 


0.34 


39.00 


0.51 


39 


40 
41 


40.00 


0.17 


40.00 


0.35 


40.00 


0.52 


40 
41 


41.00 


0.18 


41.00 


0.36 


41.00 


*0.54 


42 


42.00 


0.18 


42.00 


0.37 


42.00 


0.55 


42 


43 


43.00 


0.19 


43.00 


0.98 


43.00 


0.56 


43 


44 


44.00 


0.19 


44.00 


0.38 


44.00 


0.58 


44 


45 


45.00 


0.20 


45.00 


0.39 


45.00 


0.99 


45 


46 


46.00* 


0.20 


46.00 


0.40 


46.00 


0.60 


46 


47 


47.00 


0.21 


47.00 


0.41 


47.00 


0.62 


47 


48 


48.00 


0.21 


48.00 


0.42 


48.00 


0.63 


48 


49 


49.00 


0.21 


49.00 


0.43 


49.00 


0.64 


49 


50 


50.00 


0.22 


50.60 


0.44 


50.00 


0.65 


50 

• 


Dep. 


Lat 


Dep. 


Lat 


Dep. 


Lat 


W| 


Dcg. 


89i 


Deff. 


891 : 


D«8^. 







•TR 


AVERSl 


B TAB) 


L£. 




3 


i 

• 
61 


iD«g. 


IDeg. 


IDeg. 


q 


Lat 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


• 

51 


51.00 


0.22 


61.00 


0.45 


^1.00 


0.67 


52 


52.00 


0.23 


52.00 


0.45 


52.00 


0.68 


62 


A3 


53.00 


0.23 


53.00 


0.46 


53.00 


0.69 


53 


64 


54.00 


0.24 


54.00 


0.47 


54.00 


0.71 


54 


66 


55.00 


0.24 


55.00 


0.48 


55.00 


0.72 


65 


66 


66.00 


0.24 


56.00 


0.49 


56.00 


0.73 


56 


67 


67.00 


0.25 


67.00 


0.50 


57.00 


0.75 


57 


68 


68.00 


0.25 


58.00 


0.51 


57.99 


0.76 


68 


69 


69.00 


0.26 


59.00 


0.51 


58.99 


0.77 


59 


eo 

61 


60.00 


0.26 


60.00 


0.52 


59.99 


0.79 


60 
61 


61.00 


0.27 


61.00 


0.53 


60.99 


0.80 


62 


62.00 


0.27 


62.00 


0.54 


61.99 


0.81 


62 


63 


63.00 


0.27 


63.00 


0.55 


62.99 


0.82 


63 


64 


64.00 


0.28 


64.00 


0.56 


63.99 


0.84 


64 


65 


65'.00 


0.28 


65.00 


0.67 


64.99 


0.85 


65 


66 


66.00 


0.29 


66.00 


0.58 


65.99 


0.86 


66 


67 


67.00 


0.29 


67.00 


0.58 


66.99 


0.88 


67 


68 


68.00 


0.30 


68.00 


0.59 


67.99 


0.89 


68 


69 


69.00 


0.30 


69.00 


0.60 


68.99 


0.90 


69 


70 
71 


70.00 


0.31 


70.00 


0.61 


69.99 


0.92 i 


70 
71 


71.00 


0.31 


71.00 


0.62 


70.99 


0.93 


72 


72.00 


0.31 


72.00 


0.63 


71.99 


0.94 


72 


73 


73.00 


0.32 


73.00 


0.64 


72.99 


0.96 


73 


74 


74.00 


0.32 


74.00 


0.65 


73.99 


0.97 


74 


75 


75.00 


0.33 


75.00 


0.65 


' 74.99 


0.98 


75 


76 


76.00 


0.33 


76.00 


0.66 


75.99 


0.99 


76 


77 


77.00 


0.34 


77.00 


0.67 


76.99 


1.01 


77 


78 


78.00 


0.34 


78.00 


0.68 


77.99 


1.02 


78 


79 


79.00 


0.34 


79.00 


0.69 


78.99 


1.03 


79 


80 
81 


80.00 


0.35 


80.00 


0.70 


79.99 


1.05 


80 
81 


81.90 


0.35 


81.00 


0.71 


80.99 


1.06 


82 


82.00 


0.36 


82.00 


0.72 


81.99 


1.07 


82 


83 


83.00 


0.36 


83.00 


0.72 


82.99 


1.09 


83 


84 


84.00 


0.37 


84.00 


0.73 


83.99 


1.10. 


84 


85 


85.00 


0.37 


85.00 


0.74 


84.99 


1.11 


H5 


86 


86.00 


0.38 


86.00 


0.75 


85.99 


1.13 


86 


87 


87.00 


0.38 


87.00 


0.76 


66.99 


1.14 


87 


88 


88.00 


0.38 


88.00 


0.77 


1 87.99 


1.15 


88 


89 


89.00 


0.39 


89.00 


0.78 


; 88.99 


1.16 


89 


90 

91 


90.00 


0.39 


90.00 


0.79 


89.99 


1.18 


90 
91 


91.00 


0.40 


91.00 


0.79 


90.99 


1.19 


92 


92.00 


0.40 


92.00 


0.80 


! 91.99 


1.20 


92 


93 


93.00 


0.41 


93.00 


0.81 


j 92.99 


'1.22 


93 


94 


94.00 


0.41 


94.00 


0.82 


93.99 


1.23 


94 


95 


95.00 


0.41 


95.00 


0.83 


94.99 


1.24 


95 


96 


96.00 


0.42 


96.00 


0.84 


95.99 


1.26 


96 


97 


97.00 


0.42 


97.00 


0.85 


96.99 


, 1.27 


97 


98 


98.00 


0.43 


98.00 


0.86 


97.99 


1.28 


98 


99 


99.00 


0.43 


99.00 


0.86 


98.99 


1.30 


99 


100 

• 


100.00 


0.44 


100.00 


0.87 


99.99 


1.31 


100 

• 


Dep. 


Lftt. 


Dep. 


Lat. 


Dep. 


Lat. 














1 


^ 


89} 


Deg. 


89i 


Dej. 


m 


^^' 


.3 



TRAVERSE TABLEi 



q 


IDag. 


UDeg. 


IhDeg. 


UDey. 


g 


S 

• 


















I 

• 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


1 


1.00 


0.02 


1.00 


0.02 


1.00 


0.03 


1.00 


0.03 


1 


2 


2.00 


0.03 


2.b0 


0.04 


2.00 


0.06 


2.00 


0.06 


2 


3 


3.00 


0.05 


3.00 


0.07 


3.00 


0.08 


3.00 


0.09 


3 


4 


4.00 


0.07 


4.00 


0.09 


4.00 


O.M) 


4.00 


0.12 


4 


5 


5.00 


0.09 


5.00 


0.11 


6.00 


0.13 


6.00 


0.16 


6 


6 


6.00 


0.10 


6.00 


0.13 


6.00 


0.16 


6.00 


0.18 


6 


7 


7.00 


0.12 


7.00 


0.15 


7.00 


0.18 


7.00 


0.21 


7 


8 


8.00 


0.14 


8.00 


0.17 


8.00 


0.21 


8.00 


0.25 


8 


9 


9.00 


0.16 


9.00 


0.20 


9.00 


0.24 


9.00 


0.28 


9 


10 


10.00 


0.17 


10.00 


0.22 


10.00 


0.26 


10.00 


0.31 


10 


11 


11.00 


0.19 


11.00 


0.24 


11.00 


0.28 


10.99 


0.34 


11 


12 


12.00 


0.21 


12.00 


0.26 


12.00 


0.31 


11.99 


0.37 


12 


13 


13.00 


0.23 


13.00 


0.28 


13.00 


0.34 


12.99 


0.40 


13 


14 


14.00 


0.24 


14.00 


0.31 


14.00 


0.37 


13.99 


0.43 


14 


15 


15.00 


0.26 


15.00 


0.33 


14.99 


' 0.39 


14.99 


0.46 


16 


16 


16.00 


0.28 


16.00 


0.35 


15.99 


0.42 


16.99 


0.49 


16 


17 


17.00 


0.30 


17.00 


0.37 


16.99 


0.45 


16.99 


0.52 


tl 


18 


18.00 


0.31 


18.00 


0.39 


17.99 


0.47 


17.99 


0.55 


18 


19 


19.00 


0.33 


19.00 


0.41 


18.99 


0.60 


18.99 


0.58 


19 


20 


20.0^ 


0.35 


20.00 


0.44 


19.99 


0.52 


19.99 


0.61 


20 


21 


21.00 


0.37 


21.00 


0.46 


20.99 


0.65 


20.99 


0.64 


21 


22 


22.00 


0.38 


21.99 


0.48 


21.99. 


0.68 


21.99 


0.67 


22 


23 


23.00 


0.40 


22.99 


0.50 


22.99 


0.60 


22.99 


0.70 


23 


24 


24.00 


0.42 


23.99 


0.62 


23.99 


0.63 


1 23.99 


0.73 


24 


25 


25.00 


0.44 


24.99 


0.55 


24.99 


0.65 


24.99 


0.76 


26 


26 


26.00 


0.45 


25.99 


0.67 


25.99 


0.68 


26.99 


0.79 


26 


27 


27.00 


0.47 


26.99 


0.59 


26.99 


0.71 


26.99 


0.83 


27 


28 


28.00 


0.49 


27.99 


0.61 


27.99 


0.73 


27.99 


0.86 


28 


29 


29.00 


0.51 


28.99 


0.63 


28.99 


0.76 


28.99 


0.89 


29 


30 


30.00 


0.52 


29.99 


0.65 


29.99 


0.79 


29.99 


0.92 


30 


31 


31.00 


0.54 


30.99 


0.68 


30.99 


0.81 


30.99 


0.95 


31 


32 


32.00 


0.56 


31.99 


0.70 


31.99 


0.84 


31.99 


0.98 


32 


33 


32.99 


0.58 


32.99 


0.72 


32.99 


0.86 


32.98 


1.01 


33 


34 


33.99 


0.59 


33.99 


0.74 


33.99 


0.89 


33.98 


1.04 


34 


35 


34.99 


0.61 


34.99 


0.76 


34.99 


0.92 


34.98 


1.07 


.16 


36 


35.99 


0.63 


35.99 


0.79 


35.99 


0.94 


36.98 


1.10 


36 


37 


36.99 


0.65 


36.99 


0.81 


36.99 


0.97 


36.98 


1.13 


37 


38 


37.99 


0.66 


37.99 


0.83 


37.99 


0.99 


37.98 


1.16 


38 


39 


38.99 


0.68 


38.99 


0.85 


38.99 


1.02 


38.98 


1.19 


39 


40 


39.99 


0.70 


39.99 


0.87 


39.99 


1.05 


39.98 


1.22 


40 


41 


40.99 


0.72 


40.99 


0.89 


40.99 


1.07 


40.98 


1.25 


41 


42 


41.99 


0.73 


41.99 


0.92 


41.99 


1.10 


41.98 


1.28 


42 


43 


42.99 


0.75 


42v99 


0.94 


42.99 


1.13 


42.98 


1.31 


43 


44 


43.99 


0.77 


43.99 


0.96 


43.99 


1.16 


43.98 


1.34 


44 


45 


44.99 


0.79 


44.99 


0.98 


44.99 


1.18 


44.98 


1.37 


46 


46 


45.99 


0.80 


45.99 


1.00 


45.99 


1.20 


45.98 


1.40 


46 


47 


46.99 


0.82 


46.99 


1.03 


46.99 


1.23 


46.98 


1.44 


47 


48 


47,99 


0.84 


47.99 


1.05 


47.98 


1.26 


47.98 


1.47 


48 


49 


48.99 


0.86 


48.99 


1.07 


48.98 


1.28 


48.98 


1.60 


49 


50 

• 


49.99 


0.87 


49.99 


1.09 


49.98 


1.31 


49.98 


1.63 


60 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


8 

1 


891 


>•§. 


881 


^ 


88) 


1 


m 

^_^ 


Deg. 



. TRAVERSE TABLE. 



f 


lD«f. 


«B^ 


UDer. 


UDeg. 


g 


LaL 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


♦ 


61 


60.99 


0.89 


60.99 


1.11 


60.98 


1.34 


60.98) 


1.56 


51 


62 


61.99 


0.91 


61.99 


1.13 


51.98 


1.36 


61.98 


1.59 


62 


63 


52.99 


0.92 


62.99 


1.16 


62.98 


1.39 


62.98 


1.62 


53 


64 


63.99 


0.94 


63.99 


1.18 


53.98 


1.41 


53.97 


1.65 


64 


65 


64.99 


0.96 


64.99 


1.20 


54.98 


1.44 


64.97 


1.68 


65 


66 


55.99 


' 0.98 


66.99 


1.22 


66.98 


1.47 


66.97 


1.71 


66 


67 


66.99 


0.99 


66.99 


1.24 


66.98 


1.49 


66.97 


1.74 


67 


68 


57.99 


1.01 


67.99 


1.27 


67.98 


1.62 


67.97 


1.77 


68 


69 


58.99 


1.03 


68.99 


1.29 


58.98 


1.54 


68.97 


1.80 


59 


60 


59.99 


1.05 


69.99 


1.31 


69.98 


1.67 


69.97 


1.83 


60 


61 


60.99 


1.06 


60.99 


1.33 


60.98 


1.60 


60.97 


1.86 


61 


63 


61.99 


1.08 


61.99 


1.35 


61.98 


1.62 


61.97 


1.89 


62 


63 


62.B9 


1.10 


62.99 


1.37 


62.98 


1.65 


62.97 


1.92 


68 


64 


63.99 


1.12 


63.98 


1.40 


63.^8 


1.68 


63.97 


1.95 


64 


66 


64.99 


1.13 


64.98 


1.42 


64.98 


1.70 


64.97 


1.99 


65 


66 


65.99 


1.15 


65.98 


1.44 


65.98 


1.73 


66.97 


2.02 


66 


67 


66.99 


1.17 


66.98 


1.46 


66.98 


1.75 


66.97 


2.05 


67 


68 


67.99 


1.19 


67.98 


4.48 


67.98 


1.78 


67.97 


2.08 


68 


69 


68.99 


1.20 


68.98 


1.51 


68.98 


1.81 


68.97 


2.11 


69 


70 
71 


69.99 


1.22 


69.98 


1.53 


69.98 


1.83 


69.97 


2.14 


70 


70.99 


1.24 


70.98 


1.65 


70.98 


1.86 


70.97 


2.17 


71 


72 


71.99 


1.26 


71.98 


1.67 


71.98 


1.88 


71.97 


2.20 


72 


78 


72.99 


1.27 


72.98 


1.59 


72.97 


1.91 


72.97 


2.23 


73 


74 


73.99 


1.29 


73.98 


1.61 


73.97 


1.94 


73.97 


2.26 


74 


75 


74.99 


1.31 


74.98 


1.64 


74.97 


1.96 


74.97 


2.29 


75 


76 


75.99 


1.33 


75.98 


1.66 


75.97 


1.99 


1 75.96 


2.32 


76 


77 


76.99 


1.34 


76.98 


1.68 


76.97 


2.02 


76.96 


2.35 


77 


78 


77.99 


1.36 


77.98 


1.70 


77.97 


2.04 


77.96 


2.38 


78 


79 


78.99 


1.38 


78.98 


1.72 


78.97 


2.07 


78.96 


2.41 


79 


80 


79.99 


1.40 


79.98 


1.75 


79.97 


2.09 


79.96 


2.44 


80 


81 


80.99 


1.41 


80.98 


1.77 


80.97 


2.12 


80.96 


2.47 


81 


82 


81.99 


1.43 


81.98 


1.79 


81.97 


2.15 


81.96 


2.50 


82 


83 


82.99 


1.45 


82.98 


1.81 


82.97 


2.17 


82.96 


2.53 


83 


84 


83.99 


1.47 


83.98 


1.83 


83.97 


2.20 


83.96 


2.57 


84 


85 


84.99 


1.48 


84.98 


1.85 


84.97 


2.23 


84.96 


2.60 


85 


86 


85.99 


1.50 


85.98 


1.88 


85.97 


2.25 


86.96 


2.63 


86 


87 


86.99 


1.52 


86.98 


1.90 


86.97 


2.28 


86.96 


2.66 


87 


88 


87.99 


1.54 


87.98 


1.92 


87.97 


2.30 


87.96 


2.69 


88 


89 


88.99 


1.55 


88.98 


1.94 


88.97 


2.33 


88.96 


2.72 


89 


90 


89.99 


1.57 


89.98 


1.96 


89.97 


2;36 


89.96 


2.76 


90 
91 


91 


90.99 


1.59 


90.98 


1.99 


90.97 


2.38 


90.96 


2.78 


92 


91.99 


1.61 


91.98 


2.01 


91.97 


2.41 


91.96 


2.81 


92 


93 


92.99 


^ 1.62 


92.98, 


2.03 


92.97 


2.43 


92.96 


2.84 


93 


94 


93.99 


1.64 


93.98 


2.05 


93.97 


2.46 


93.96 


2.87 


94 


95 


94.99 


1.66 


94.98 


2.07 


94.97 


2.49 


94.96 


2.90 


95 


96 


95.99 


1.68 


95.98 


2.09 


95.97 


2.61 


95.96 


2.94 


96 


97 


96.99 


1.69 


96.98 


2.12 


96.97 


2.54 


96.95 


2.96 


97 


98 


97.99 


1.71 


97.98 


2.14 


97.97 


2.57 


97.95 


2.99 


98 


99 


98.98 


1.73 


98.98 


2.16 


98.97 


2.59 


98.96 


3.02 


99 


100 


99.98 


1.76 


99.98 


2.18 


99.97 


2.62 


99.95 


3.06 


100 


• 

s 


Dep. 


Lat 


D«p. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


• 

s 

1 


1 

Q 


891 


>eg. 


881 


Dej. 


881 D6g. 

1 


88i] 


Dtg. 



TRAVERSE TABLE. 



t 




2lD«g. 


2iDeg. 


SiDeff. 


5 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


• 


1 


1.00 


0.03 


1.00 


0.04 


1.00 


0.04 


1.00 


0.05 


1 


2 


2.00 


0.07 


2.00 


0.08 


2.00 


0.09 


2.00 


0.10 


2 


3 


3.00 


0.10 


3.00 


0.12 


3.00 


0.13 


3.00 


0.14 


3 


4 


4.00 


0.14 


4.00 


0.16 


4.00 


0.17 


4.00 


0.19 


4 


5 


5.00 


0.17 


5.00 


0.20 


5.00 


0.22 


4.99. 


0.24 


5 


6 


6.00 


0.21 


6.00 


0.24 


5.99 


0.26 


6.99 


0.29 


6 


7 


7.00 


0.24 


6.99 


0.27 


6.99 


0.31 


6.99 


0.34 


7 


8 


7.99 


0.28 


7»99 


0.31 


7.99 


0.35 


7.99 


0.38 


8 


9 


8.99 


0.31 


8.99 


0.35 


8.99 


0.39 


0.99 


0.43 


9 


10 


9.99 


0.35 


9.99 


0.39 


9.99 


0.44 


9.99 


0.48 


10 


n 


10.99 


0.38 


10.99 


0.43 


10.99 


0.48 


10.99 


0.53 


11 


13 


11.99 


0.42 


11.99 


0.47 


11.99 


0.52 


11.99 


0.68 


12 


13 


12.99 


0.45 


12.99 


0.51 


12.99 


0.57 


12.99 


0.62 


13 


14 


13.99 


0.49 


13.99 


0»55 


13.99 


0.61 


13.98 


0.67 


14 


15 


14.99 


0.52 


14.99 


0.59 


14.99 


0.65 


14.98 


0.72 


16 


16 


15.99 


0.56 


15.99 


0.63 


15.99 


0.70 


15.98 


0.77 


16 


17 


16.99 


0.59 


16.99 


0.67 


16.98 


0.74 


16.98 


0.82 


17 


18 


17.99 


0.63 


17.99 


0.71 


17.98 


0.79 


17.98 


0.86 


18 


19 


18.99 


0.66 


18.99 


0.75 


18.98 


0.83 


18.98 


0.91 


19 


20 

21 


19.99 


0.70 


19.98 


0.79 


19.98 


0.87 


19.98 


0.96 


20 


20.99 


0.73 


20.98 


0.82 


20.98 


0.92 


20.98 


1.01 


21 


22 


21.99 


0.77 


21.98 


0.86 


21.98 


0.96 


21.97 


1.06 


22 


23 


22.99 


0.80 


22.98 


0.90 


22.98 


1.00 


22.97 


1.10 


23 


24 


23.99 


0.84 


23.98 


0.94 


23.98 


1.05 


23.97 


1.15 


24 


25 


24.98 


0.87 


24.98 


0.98 


24.98 


1.09 


1 24.97 


1.20 


25 


26 


25.98 


0.91 


25.98 


1.02 


25.98 


1.13 


25.97 


1.25 


26 


27 


26.98 


0.94 


26.98 


1.06 


26.97 


1.18 


26.97 


1.30 


27 


28 


27.98 


0.98 


27.98 


1.10 


27.97 


1.22 


27.97 


1.34 


28 


29 


28.98 


1.01 


28.98 


1.14 


28.97 


1.26 


28.97 


1.39 


29 


30 


29.98 


1.05 


29.98 


1.18 


29.97 

■II 


1.31 


29.97 


1.44 


30 
31 


31 


30.98 


1.08 


30.98 


1.22 


30.97 


1.35 


30.96 


1.49 


32 


31.98 


1.12 


31.98 


1.26 


31.97 


1.40 


31.96 


1.54 


32 


33 


32.98 


1.15 


32.97 


1.30 


32.97 


1.44 


32.96 


1.58 


,13 


34 


33.98 


1.19 


33.97 


1.33 


33.97 


1.48 


33.96 


1.63 


34 


35 


34.98 


1.22 


34.97 


1.37 


34.97 


1.63 


34.96 


1.68 


35 


36 


35.98 


1.26 


35.97 


1.41 


35.97 


1.57 


35.96 


1.73 


36 


37 


36.98 


1.29 


36.97 


1.45 


36.96 


1.61 


36.96 


1.78 


37 


38 


37.98 


1.33 


37.97 


1.49 


37.96 


1.66 


37.96 


1.82 


38 


39 


38.98 


1.36 


38.97 


1.53 


38.96 


1.70 


38.96 


1.87 


39 


40 


39.98 


1.40 


39.97 


1.67 


39.96 


1.75 


39.95 


1.92 


40 
41 


41 


40.98 


1.43 


40.97 


1.61 


40.96 


1.77 


40.95 


1.97 


42 


41.97 


1.47 


41.97 


1.65 


41.96 


1.83 


41.95 


2.02 


42 


43 


42.97 


1.50 


42.97 


1.69 


42.96 


1.88 


42.95 


2.06 


43 


44 


43.97 


1.54 


43.97 


1.73 


43.96 


1.92 


43.95 


2.11 


44 


45 


44.97 


1.57 


44.97 


1.77 


44.96 


1.96 


44.95 


2.16 


45 


46 


45.97 


1.61 


45.96 


1.81 


45.96 


2.01 


45.95 


2.21 


46 


47 


46.97 


1.64 


46.96 


1.85 


46.96 


2.05 


46.95 


2.25 


47 


48 


4T.97 


1.68 


47.96 


1.88 


47.95 


2.09 


47.95 


2.30 


48 


49 


48.97 


1.71 


48.96 


1.^ 


48.96 


2.14 


48.94 


2.36 


49 


50 

• 

8 

9 

L 


49.97 


1.74 


49.96 


1.96 


49.95 


2.18 


49.94 


2.40 


60 


Dep* 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


• 


881 


>*f. 


87}D«f. 


tffi 


Deff. 


m 


Deg^. 


1 



J 



TRAVERSE TABLE. 



• 


ftVe^. 


HT>H' 


4Dflir- 


«D«». 


t 


Lat« 


Dep. 


lIL 


Dep. 


Lat 


Dep. 


Lat 


Dep. 


f 


61 


60.97 


1.78 


60.96 


2.00 


60.95 


2.22 


60.94 


2.45 


61 


52 


61.97 


1.81 


51.96 


2.04 


51.95 


2.27 


61.94 


2.50 


62 


63 


62.97 


1.85 


62.96 


2.08 


52.95 


2.31 


62.94 


2.64 


53 


64 


63.97 


1.88 


53.96 


2.12 


63.95 


2.36 


63.94 


2.69 


54 


65 


64.97 


1.92 


64.96 


2.16 


64.95 


2.40 


64.94 


2.64 


65 


66 


66.97 


1.95 


55.96 


2.20 


55.95 


2.44 


56.94 


2.69 


66 


57 


66.97 


1.99 


56.96 


2.24 


56.95 


2.49 


56.93 


2.73 


67 


68 


67.96 


2.02 


57.96 


2.28 


67.94 


2.63 


57.93 


2.78 


68 


69 


68.96 


2.06 


68.95 


2.32 


68.94 


2.67 


68.93 


2.83 


69 


60 


69.96 


2.09 


59.95 


2.39 


59.94 


2.62 


69.93 


2.88 


60 


61 


60.96 


2.13 


60.95 


2.39 


60.94 


2.66 


60.93 


2.93 


61 


62 


61.96 


2.16 


61.95 


2.43 


61.94 


2.70 


61.93 


2.97 


62 


63 


62.96 


2.20 


62.95 


2.47 


62.94 


2.75 


62.93 


3.02 


63 


64 


63.96 


2.23 


63.95 


2.51 


63.94 


2.79 


63.93 


3.07 


64 


66 


64.96 


2.27 


64.95 


2.55 


64.94 


2.84 


64.93 


3.12 


65 


66 


65.96 


2.30 


65.95 


2.69 


65.94 


2.88 


65.92 


3.17 


66 


67 


66.96 


2.34 


66.95 


2.63 


66.94 


2.92 


66.92 


3.21 


67 


68 


67.96 


2.37 


67.95 


2.67 


67.94 


2.97 


67.92 


3.26 


68 


69 


68.96 


2.41 


68.95 


2.71 


68.93 


3.01 


68.92 


3.31 


69 


70 


69.96 


2.44 


69.95 


2.76 


69.93 


3.05 


69.92 


3.36 


70 


71 


70.96 


2.48 


70.95 


2.79 


70.93 


3.10 


70.92 


3.41 


71 


72 


71.96 


2.51 


71.94 


2.83 


71.93 


3.14 


71.92 


3.46 


72 


73 


72.96 


2.56 


72.94 


2.87 


72.93 


3.18 


72.92 


3.60 


73 


74 


73.95 


2.68 


73.94 


2.91 


73.93 


3.23 


73.91 


3.65 


74 


76 


74.95 


2.62 


74.94 


2.94 


74.93 


3.27 


74.91 


3.60 


76 


76 


75.95 


2.65 


76.94 


2.98 


75.93 


3.31 


76.91 


3.66 


76 


77 


76.95 


2.69 


76.94 


3.02 


76.93 


3.36 


76.91 


3.70 


77 


78 


77.95 


2.72 


77.94 


3.06 


77.93 


3.40 


77.91 


3.74 


78 


79 


78.95 


2.76 


78.94 


3.10 


78.92 


3.45 


78.91 


3.79 


79 


80 


79.95 


2.79 


79.94 


3.14 


79.92 


3.49 


79.91 


3.84 


80 


81 


80.95 


2.83 


80.94 


3.18 


80.92 


3.53 


80.91 


3.89 


81 


8» 


81.95 


2.86 


81.94 


3.22 


81.92 


3.58 


81.91 


3.93 


82 


83 


82.95 


2.90 


82.94 


3.!to 


82.92 


3.62 


82;90 


3.98 


83 


84 


83.95 


2.93 


83.94 


3.30 


83.92 


3.66 


83.90 


4.03 


84 


86 


84.95 


2.97 


84.93 


3.34 


84.92 


3.71 


84.90 


4.08 


86 


86 


85.95 


3.00 


85.93 


3.38 


85.92 


3.76 


85.90 


4.13 


86 


87 


86.95 


3.04 


86.93 


3.42 


86.92 


3.79 


86.90 


4.17 


87 


88 


87.95 


3.07 


87.93 


3.45 


87.92 


3.84 


87.90 


4.22 


88 


89 


88.95 


3.11 


88.93 


3.49 


88.92 


3.88 


88.90 


4.27 


89 


90 


89.95 


3.14 


89.93 


3.53 


89.91 


3.93 


89.90 


4.32 


90 


91 


90.95 


3.18 


90.93 


3.57 


90.91 


3.97 


90.90 


4.^ 


91 


92 


91.94 


3.21 


91.93 


3.61 


91.91 


4.01 


91.89 


4.41 


92 


93 


92.94 


3.25 


92.93 


3.66 


92.91 


4.06 


92.89 


4.46 


93 


94 


93.94 


3.28 


93.93 


3.69 


93.91 


4.10 


93.89 


4.61 


94 


95 


94.94 


3.32 


94.93 


3.73 


94.91 


4.14 


94.89 


4.66 


95 


96 


95.94 


3.35 


95.93 


3.77 


95.91 


4.19 


95.89 


4.61 


96 


97 


96.94 


3.39 


9o.93 


3.81 


96.91 


4.23 


96.89 


4.66 


97 


98 


97.94 


3.42 


97.92 


3.85 


97.91 


4.27 


97.89 


4.70 


98 


99 


98.94 


3.46 


98.92 


3.89 


98.91 


4.32 


98.89 


4.75 


99 


100 


99.94 


3.49 


99.92 


3.93 


99.91 


4.36 


99.88 


4.80 


100 


• 
1 


D«p. 


lAt. 


l>tp* 


Lftt 


Dep. 


Lftt 


Dep. 


ImL 


« 


88] 


t>^. 


871 


Deg. 

< 


87J 


Deg. 


m 


Def. 


i 



TRATKRSE TABLE. 



f 


3Def. 


■ 


^Dtg. 


3lDe». 


• 


• 

1 


Lmt 


Dep. 


W. 


Dep. 


Lat« 


Dtp. 


Lat. 


Dep. 


1.00 


0.06 


1.00 


0.06 


1.00 


0.06 


1.00 


0.06 


I 


2 


2.00 


0.10 


2.00 


0.11 


2.00 


0.12 


2.00 


0.13 


2 


3 


3.00 


0.16 


3.00 


0.17 


2.99 


0.18 


2.99 


o.so 


3 


4 


3.99 


0.21 


3.99 


0.23 


3.99 


0.24 


3.99 


0.26 


4 


6 


4.99 


0.26 


4.99 


0.28 


4.99 


0.31 


4.99 


0.33 


6 


1 ^ 


6 .99 


0.31 


5.99 


0.34 


5.99 


0.37 


5.99 


0.39 


6 


7 


6.99 


0.37 


6.99 


0.40 


6.99 


0.43 


6.99 


0.46 


7 


8 


7.99 


0.42 


7.99 


0.45 


7.99 


0.49 


7.98 


0.52 


8 


9 


8.99 


0.47 


8.99 


0.51 


8.98 


0.55 


8.98 


0.59 


9 


10 
11 


9.99 


0.52 


9.98 


0.57 


9.98 


0.61 


9.98 


0.65 


10 


10.98 


0.58 


10.98 


0.62 


10.98 


0.67 


10.98 


0.72 


11 


IS 


11.98 


0.63 


11.98 


0.68 


11.98 


0.73 


11.97 


0.78 


12 


13 


12.98 


0.68 


12.98 


0.73 


12.98 


0.79 


12.97 


0.85 


13 


14 


13.98 


0.73 


13.98 


0.79 


13.97 


0.85 


,13.97 


0.02 


14 


16 


14.98 


0.79 


14.98 


0.85 


14.97 


0.92 


14.97 


0.08 


15 


16 


15.98 


0.84 


15.97 


0.91 


15.97 


0.98 


15.97 


1.06 


16 


17 


16.98 


0.89 


16.97 


0.96 


16.97 


1.04 


16.96 


1.11 


17 


18 


17.98 


0.94 


17.97 


1.02 


17.97 


1.10 


17.96 


1.18 


18 


10 


18.98 


0.99 


18.97 


1.08 


18.96 


1.16 


18.96 


1.24 


19 


flO 


19.97 


1.05 


19.97 


1.13 


19.96 


1.23 


19.96 


1.31 


20 


21 


20.07 


1.10 


20.97 


1.19 


20.96 


1.28 


20.06 


1.37 


21 


n 


21.07 


1.15 


21.96 


1.25 


n.96 


1.34 


21.95 


1.44 


22 


93 


22.97 


1.20 


22.96 


1.30 


22.96 


1.40 


22.95 


1.50 


23 


u 


23.97 


1.26 


23.96 


1.36 


23.96 


1.47 


23.95 


1.57 


84 


ts 


24.07 


1.31 


24.96 


1.42 


24.95 


1.53 


24.95 


1.64 


25 


t6 


25.06 


1.36 


25.96 


1.47 


25.95 


1.59 


25.94 


1.70 


28 


27 


26.96 


1.41 


26.96 


1.53 


26.95 


1.65 


26.94 


.1.77 


27 


S8 


27.96 


1.47 


27.95 


1.59 


27.95 


1.71 


27.94 


1.83 


28 


29 


28.96 


1.52 


28.95 


1.64 


28.95 


1.77 


28.04 


1.00 


29 


30 


29.96 


1.57 


29.95 


1.70 


29.94 


1.83 


29.04 

• 


1.06 


30 


31 


30.96 


1.62 


30.95 


1.76 


30.94 


1.89 


30.03 


2.03 


31 


32 


31.96 


1.67 


31.95 


1.81 


31.94 


1.95 


31.93 


2.00 


tf2 


33 


32.05 


1.73 


32.95 


1.87 


32.94 


2.01 


32.93 


2.16 


33 


34 


33.95 


1.78 


33.95 


1.93 


33.94 


2.08 


33.93 


2.22 


34 


36 


34.95 


1.83 


34.94 


1.98 


34.93 


2.14 


34.92 


2.29 


35 


36 


35.95 


1.88 


35.94 


2.04 


35.93 


2.20 


35.92 


2.35 


36 


37 


36.95 


1.94 


36.94 


2.10 


36.93 


2.26 


36.92 


2.42 


37 


38 


37.95 


1.99 


37.94 


2.16 


37.93 


2.32 


37.92 


2.49 


38 


38 


38.95 


2.04 


38.94 


2.21 


38.93 


2.38 


38.92 


2.55 


38 


40 


39.95 


2.09 


39.94 


2.27 


39.93 


2.44 


39.91 


2.62 


40 


41 


40.94 


2.15 


40.93 


2.32 


40.92 


2.50 


40.91 


2«68 


41 


42 


41.94 


2.20 


41.93 


2.38 


41.92 


2.56 


41.91 


2.75 


42 


43 


42.94 


2.25 


42.93 


2.44 


42.92 


2.63 


42.91 


2.81 


43 


44 


43.94 


2.30 


43.93 


2.49 


43.92 


2.69 


43.91 


2.88 


44 


45 


44.94 


2.36 


44.93 


2.55 


44.92 


2.75 


44.90 


2.94 


45 


46 


45.94 


2.41 


45.93 


2.61 


45.91 


2.81 


45.90 


3.01 


46 


47 


46.94 


2.46 


46.92 


2.66 


46.91 


2.87 


46.90 


3.07 


47 


48 


47.93 


2.51 


47.92 


2.72 


47.91 


2.93 


47.90 


3.14 


48 


49 


48.83 


2.56 


48.92 


2.78 


48.91 


2.99 


48.90 


3.20 


49 


50 


40.93 


2.62 


40.92 


2.83 


49.91 


3.06 


49.89 


3.27 


50 

• 

• 

1 


1 


Dup* 


IM. 


Dup* 


Lot 


I^>« 


UL 


D«p« 


Lat. 


871 


H. 


86|: 


Dtg, 


861] 


Dear. 


86iD«f. 



/FRAVEi^i: TAB^IS. 



BBSS 


^""^1^ 


t 






• 


HKBB 


. ii 


1 


3Def. 


SiDes* 


SiDeg. 


3iDeg. 


r^ 1 




• 


LaU 


Dep. 


Lat. 


Depi. 


Lat. 


Dep. 


Lat. 


Depu 


• 1 




51 


50.93 


2.67 


50.92 


2.89 


50.90 


3.11 


50.89 


a. 34 


51 




62 


51.93 


2.72 


51.92 


2.95 


51.98 


3.17 


51.89 


8.40 


52 




53 


52.93 


2.77 


52.91 


3.00 


52.90 


3.24 


52.89 


3.47 


53 




54 


53.93 


2.83 


53.91 


3.06 


53.90 


3.30 


53.88 


3.53 


S4 




55 


54.92 


2.88 


54.91 


3.12 


54.90 


3.36 


54.88 


3.60 


55 




56 


55.92 


2.93 


55.91 


3.17 


55.90 


3.42 


55.88 


3.66 


56 




57 


56.92 


2.98 


56.91 


3.23 


56.89 


3.48 


56.88 


3.73 


57 




58 


57.92 


3.04 


57.91 


3.29 


57.89 


3.54 


57.88 


3.79 


68 




59 


58.92 


3.09 


58.91 


3.34 


58.89 


3.60 


58.87 


3.86 


69 




60 


59.92 


3.14 


59.90 


3.40 


59.89 


3.66 


59.87 


3.92 


60 

61 


; 


61 


60.92 


3.19 


60.90 


3.46 


60.89 


3.72 


60.87 


3.99 




6^i 


61.92 


3.24 


61.90 


3.51 


61.88 


3.79 


61.87 


4.05 


62 




63 


62.91 


3.30 


62.90 


3.57 


62.88 


3.85 


62.87 


4.12 


63 




64 


63.91 


3.35 


63.90 


3.63 


63.88 


3.91 


63.86 


4.19 


64 




65 


64.91 


3.40 


64.90 


3.69 


64.88 


3.97 


64.86 


4.25 


65 




66 


65.91 


3.45 


65.89 


3.74 


65.88 


4.03 


65.86 


4.32 


66 


t 


67 


66.91 


3.51 


66.89 


3.80 


66.88 


4.09 


66.86 


4.38 


67 


I 


68 


67 91 


3.56 


67.89 


3.86 


67.87 


4.15 


67.85 


4.45 


68 


ft 


69 


68.^1 


3.61 


68.89 


3.91 


68.87 


4.21 


68.85 


4.51 


68 




70 


69.90 


3.66 


69.89 


3.97 


69.87 


4.27 


69.85 


4.58 


70 


t 

i 


71 


70.90 


3.72 


70.88 


4.03 


70.87 


4.33 


70.86 


4.64 


71 


t 


72 


71.90 


3.77 


71.88 


4.08 


71.87 


4.40 


71.85 


4.71 


72 


1 


73 


72.90 


3.82 


72.88 


4.14 


72.86 


4.46 


72.84 


4.77 


73 




74 


73.90 


3.87 


73.88 


4.20 


73.86 


4.52 


73.84 


4.84 


74 




75 


74.90 


3.93 


74.88 


4.25 


74.86 


4.58 


74.84 


4.91 


75 




76 


75.90 


3.98 


75.88 


4.31 


75.86 


4.64 


76.84 


4.97 


76 


, 


77 


76.89 


4.03 


76.88 


4.37 


76.86 


4.70 


76.84 


6.04 


77 




78 


77.89 


4.08 


77.87 


4.42 


77.85 


4.76 


77. ({3 


6.10 


78 




79 


78.89 


4.13 


78.87 


4.48 


78.86 


4.82 


78.83 


6.17 


79 




80 
81 


79.89 


4.19 


79.87 


4.54 


70.85 


4.88 


79.83 


6.23 


80 




80.89 


4.24 


80.87 


4.59 


80.85 


4.94 


80.83 


6.30 


81 


• 


82 


81.89 


4.29 


81.87 


4.65 


81.85 


5.01 


81.82 


6.36 


82 


■ 


83 


82.89 


4.34 


82.87 


4.71 


82.85 


5.07 


82.82 


6.43 


83 




84 


83.88 


4.40 


83.86 


4.76 


83.84 


5.13 


83.82 


5.49 


84 




85 


84.88 


4.45 


84.86 


4.82 


84.84 


5.19 


84.82 


5.56 


85 




86 


85.88 


4.50 


85.86 


4.88 


85.84 


5.25 


85.82 


5.62 


86 




87 


86.88 


4.55 


86.86 


4.93 


86.84 


5.31 


86.81 


5.69 


87 




83 


87.88 


4.61 


87.86 


4.99 


87.84 


6.37 


87.81 


5.76 


88 




89 


88.88 


4.66 


88.86 


5.05 


88.83 


5.43 


88.81 


6.82 


89 




90 
91 


89.88 


4.71 


89.86 


5.10 


89.83 


5.49 


89.81 


6«89 


90 




90.88 


4.76 


90.85 


5.16 


90.83 


5.56 


90.81 


5.95 


91 




92 


91.87 


4.81 


91.85 


5.22 


91.83 


5.62 


91.80 


6.02 


92 




93 


92.87 


4.87 


92.85 


5.27 


92.83 


5.68 


92.80 


6.08 


93 




94 


93.87 


4.92 


93.85 


5.33 


93.82 


5.74 


93.80 


6.15 


94 




95 


94.87 


4.97 


94.85 


5.39 


94.82 


5.80 


94.80 


6.21 


95 




96 


95.87 


5.02 


95.85 


5.44 


95.82 


5.86 


95.79 


6.28 


96 




97 


96.87 


5.08 


96.84 


5.50 


96.82 


5.92 


96.79 


6.34 


97 




98 


97.87 


5.13 


97.84 


5.56 


97.82* 


5.98 


97.79 


6.41 


98 




99 


98.86 


5.18 


98.84 


5.61 


98.82 


6.04 


98.79 


6.47 


99 




(00 


99.86 


5.23 


99.84 


5.67 


99.81 


6.10 


99.79 


6.54 


lOO 




• 


Dep. 


Lat. 


Dep. 


Lat. 


Dep, 


Lat. 


Dep. 


Lat. 


8 
1 






871 




86| 


Deg. 


891 


!>Bg. 


m: 


EN:. 





18 



10 






Tl 


[lAVEK 


SE TA 


BTiE. 








• 


4Def. 




^JDaff. 


4}Degx 




ft** 



• 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


1 


1.00 


0.07 


1.00 


0.07 


1.00 


0.08 


1.00 


0.08 


1 


2 


2.00 


0.14 


1.99 


•0.15 


1.99 


0.16 


1.99 


0.17 


2 


3 


2.99 


0.21 


2.99 


0.22 


2.99 


0.24 


2.99 


0.25 


3 


4 


3.99 


0.28 


3.99 


0.30 


3.99 


0.31 


3.98 


0.33 


4 


6 


4.99 


0.35 


4.99 


0.37 


4.98 


0.39 


4.98 


0.41 


5 


6 


5.99 


0.42 


5.98 


0.44 


5.98 


0.47 


5.98 


0.50 


6 


7 


6.98 


0.49 


6.98 


0.52 


6.98 


0.55 


6.97 


0.58 


7 


8 


7.98 


0.56 


7.98 


0.59 


7.98 


0.63 


7.97 


0.66 


8 


9 


8.98 


0.63 


8.98 


0.67 


8.97 


0.71 


8.97 


0.75 


9 


10 


9.98 


0.70 


9.97 


0.74 


9.97 


0.78 


9.97 


0.83 


10 


11 


10.97 


0.77 


10.97 


0.82 


10.97 


0.86 


10.96 


0.91 


11 


12 


11.97 


0.84 


11.97 


0.89 


11.96 


0.94 


11.96 


0.99 


12 


13 


12.97 


0.91 


12.96 


0.96 


12.96 


1.02 


12.96 


1.08 


13 


14 


13.97 


0.98 


13.96^ 


1.04 


13.96 


1.10 


13.95 


1.16 


14 


15 


14.96 


1.05 


14.96 


1.11 


14.95 


1.18 


14.95 


1.24 


15 


16 


15.96 


1.12 


15.96 


1.19 


15.95 


1.26 


15.95 


1.32 


16 


17 


16.96 


1.19 


16.95 


1.26 


16.95 


1.33 


16.94 


1.41 


17 


18 


17.96 


1.26 


17.95 


1.33 


17.94 


1.41 


17.94 


1.49 


18 


19 


18.95 


1.33 


18.95 


1.40 


18.94 


1.49 


18.93 


1.57 


19 


90 


19.95 


1.40 


19.95 


1.48 


19.94 


1.57 


19.93 


1.66 


20 


21 


20.95 


1.46 


20.94 


1.56 


20.94 


1.65 


20.93 


1.74 


21 


22 


21.95 


1.53 


21.94 


1.63 


21.93 


1.73 


21.92 


1.82 


22 


23 


22.94 


1.60 


22.94 


1.70 


22.93 


1.80 


22.92 


1.90 


23 


24 


23.94 


1.67 


23.93 


1.78 


23.93 


1.88 


23.92 


1.99 


24 


25 


24.94 


1.74 


24.93 


1.85 


24.92 


1.96 


24.91 


2.07 


25 


26 


25.94 


1.81 


25.93 


1.93 


25.92 


2.04 


25.91 


2.15 


26 


27 


26.93 


1.88 


26.93 


2.00 


26.92 


2.12 


26.91 


2.24 


27 


28 


27.93 


1.95 


27.92 


2.08 


27.91 


2.20 


27.90 


2.32 


28 


29 


28.93 


2.03 


28.92 


2.15 


28.91 


2.28 


28.90 


2.40 


S9 


30 


29.93 


2.09 


29.92 


2.22 


29.91 


2.35 


29.90 


fU4B 


30 


31 


30.92 


2.16 


30.91 


2.30 


30.90 


2.43 


30.89 


2.57 


31 


38 


31.92 


2.23 


31.91 


2.37 


31.90 


2.51 


31.89 


2.65 


3S 


33 


32.92 


2.30 


32.91 


2.45 


32.90 


2.59 


32.89 


2.73 


33 


34 


33.92 


2.37 


33.91 


2.52 


33.90 


2.67 


33.88 


2.82 


34 


36 


34.91 


2.44 


34.90 


2.59 


34.89 


2.75 


34.88 


2.90 


35 


36 


35.91 


2.51 


35.90 


2.67 


35.89 


2.82 


35.88 


2.98 


36 


37 


36.91 


2.58 


36.90 


2.74 


36.89 


2.90 


36.87 


3.06 


37 


38 


37.91 


2.65 


37.90 


2.82 


37.88 


2.98 


37.87 


3.15 


38 


39 


38.90 


2.72 


38.89 


2.89 


38.88 


3.06 


38.87 


3.23 


39 
40 

41 


40 


39.90 


2.79 


39.89 


2.96 


39.88 


3.14 


39.86 


3.31 


41 


40.90 


2.86 


40.89 


3.04 


40.87 


3.22 


40.86 


3.40 


42 


41.90 


2.93 


41.88 


3.11 


41.87 


3.30 


41.86 


3.48 


42 


43 


42.90 


3.00 


42.88 


3.19 


42.87 


3.37 


42.85 


3.56 


43 


44 


43.89 


3.07 


43.88 


3.26 


43.86 


3.45 


43.85 


3.64 


44 


45 


44.89 


3.14 


44.88 


3.33 


44.86 


3.53 


44.85 


3.73 


45 


46 


45.89 


3.21 


45.87 


3.41 


45.86 


3.61 


45.84 


3.81 


46 


47 


46.89 


3.28 


46.87 


3:48 


46.86 


3.69 


46.84 


3.89 


47 


48 


47.88 


3.35 


47.87 


3.56 


47.85 


3.77 


47.84 


3.97 


48 


49 


48.88 


3.42 


48.87 


3.63 


48.85 


3.84 


48.83 


4.06 


49 


60 

1 


49.88 


3.49 


49.86 


3.71 


49.85 


3.92 


49.83 


4.14 


50| 


Dap. 


Lat. 


Bep. 


Lat. 


Dep. 


Lat 


Dap. 


Lat 


• 


861 


>i«- 


851 


Deg. 


m 


Deg. 


85J 


D€f. 





• 




Tl 


UVER 


SE TA 


BLE. 






11 


. 


• 


4Deff. 


44De5. 


4Def. 


4tDeg. 


s 

• 




Lat 


Dep. 


Lat. 


Dep. 


LaL 


Dep. 


Lat. 


Dep. 




51 


50.88 


3.56 


50.86 


3.78 


50.84 


4.00 


50.82 


4.22 


51 




5S 


51.87 


3.63 


51.86 


3.85 


51.84 


4.08 


51.82 


431 


52 




53 


52.87 


3.70 


52.85 


3.93 


52.84 


4.16 


52.82 


4.39 


53 


, 


54 


53.87 


8.77 


53.85 


4.00 


53.83 


4.24 


53.81 


4.47 


54 


t 


55 


54.87 


3.84 


54.85 


4.08 


54.83 


4.32 


54.81 


4.55 


55 


■1 


56 


55.86 


3.91 


55.85 


4.15 


55.83 


4.39 


55.81 


4.64 


56 




57 


56.86 


3.98 


56.84 


4.22 


56.82 


4.47 


56.80 


4.72 


57 


» 


58 


57.86 


4.05 


57.84 


4.30 


57.82 


4.55 


57.80 


4.80 


58 




59 


58.86 


4.12 


58.84 


4.37 


58.82 


4.63 


58.80 


4.89 


59 


♦ 


00 


59.85 


4.19 


59.84 


4.45 


59.82 


4.71 


59.79 


4.97 


60 




61 


60.85 


4.26 


60.83 


4.52 


60.81 


4.79 


60.79 


5.05 


61 




62 


61.85 


4.32 


61.83 


4.59 


61.81 


4.86 


61.79 


5.13 


62 




63 


62.85 


4.39 


62.83 


4.67 


62.81 


4.94 


62.78 


5.22 


63 




64 


63.84 


4.46 


63.82 


4.74 


63.80 


5.02 


63.78 


5.30 


64 




65 


64.84 


4.53 


64.82 


4.82 


64.80 


5.10 


64.78 


5.38 


65 




66 


65.84 


4.60 


65.82 


4.89 


65.80 


5.18 


65.77 


5.47 


66 




67 


66.84 


4.67 


66.82 


4.97 


66.79 


5.26 


66.77 


5.55 


67 




68 


67.83 


4.74 


67.81 


5.04 


67.79 


5.34 


67.77 


5.63 


68 




69 


68.83 


4.81 


68.81 


5.11 


68.79 


5.41 


68.76 


5.71 


69 




70 


69.83 


4.88 


69.81 


5.19 


69.78 


5.49 


69.76 


5.80 


70 




71 


70.83 


4.95 


70.80 


5.26 


70.78 


5.57 


70.76 


5.88 


71 




72 


71.82 


5.02 


71.80 


5.34 


71.78 


5.65 


71.75 


5.96 


72 




73 


72.82 


5.09 


72.80 


5.41 


72.77 


5.73 


72.75 


6.04 


73 




74 


73.82 


5.16 


73.80 


5.48 


73.77 


5.81 


73.75 


6.13 


74 




75 


74.82 


5.23 


74.79 


5.56 


74.77 


5.88 


74.74 


6.21 


75. 




76 


75.81 


5.30 


75.79 


5.63 


75.77 


5.96 


75.74 


6.29 


76 




77 


76.81 


5.37 


76.79 


5.71 


76.76 


6.04 


76.74 


6.38 


77 




78 


77.81 


5.44 


77.79 


5.78 


77.76 


6.12 


77.73 


6.46 


78 




79 


78.81 


5.51 


78.78 


5.85 


78.76 


6.20 


78.73 


6.54 


79 




80 


79.81 


5.58 


79.78 


5.93 


79.75 


6.28 


79.73 


6.62 

• 


80 




81 


60.80 


5.65 


80.78 


6.00 


80.75 


6.36 


80.72 


6.71 


81 




82 


81.80 


5.72 


81.78 


6.08 


81.75 


6.43 


81.72 


6.79 


82 




83 


82.80 


5.79 


82.77 


6.15 


82.74 


6.51 


82.71 


6.87 


83 




84 


83.80 


5.86 


83.77 


6.23 


83.74 


6.59 


83.71 


6.96 


84 




85 


84.79 


5.93 


84.77 


6.30 


84.74 


6.67 


84.71 


7.04 


as 




86 


85.79 


6.00 


85.76 


6.37 


85.73 


6.75 


85.70 


7.12 


86 




87 


86.79 


6.07 


86.76 


6.45 


86.73 


6.83 


86.70 


7.20 


87 




88 


87.79 


6.14 


87.76 


6.52 


87.73 


6.90 


87.70 


7.29 


88 




89 


88.78 


6.21 


88.76 


6.60 


88.73 


6.98 


88.70 


7.37 


89 




90 


89.78 


6.28 


89.75 


6.67 


89.72 


7.06 


89.69 


7.45 


90 

• 




91 


90.78 


6.35 


90.75 


6.74 


90.72 


7.14 


90.69 


7.54 


91 




92 


91.78 


6.42 


91.75 


6.82 


91.72 


7.22 


91.68 


7.62 


92 




93 


92.n 


6.49 


92.74 


6.89 


92.71 


7.30 


92.68 


7.70 


93 




94 


93.77 


6*56 


93.74 


6.97 


93.71 


7.38 


93.68 


7.78 


94 




95 


94.77 


6.63 


94.74 


7.04 


94.71 


7.45 


94.67 


7.87 


95 




96 


95.77 


6.70 


95.74 


7.11 


95.70 


7.53 


95.67 


7.95 


96 




97 


96.76 


6.77 


96.73 


7.19 


96^.70 


7.61 


96.67 


8.03 


97 




98 


97.76 


6.84 


97.73 


7.26 


97.70 


7.69 


97.66 


8.12 


98 




99 


98.76 


6.91 


98.73 


7.34 


98.69 


7.77 


98.66 


8.20 


99 




100 


99.76 


6.98 


99.73 


7.41 


99.69 


7.85 


99.66 


8.28 


100 




• 


Depr 


Lat 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


• 




86] 


Of. 


m 


Dei:. 


85i 


Deg. 


85i Deg. 





13 



TRAVERSE TABIX. 



q 

o 

9 

• 


5De^. 


SiVeg. 


5iDeg. 


SiDeg. 


5 

1 




Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. ; 


Lat. 


Dep. 


* 




1 


1.00 


0.09 


1.00 


0.09 


1.00 


0.10 


0.99 


0.10 


1 




2 


1.99 


0.17 


1.99 


0.18 


1.99 


0.19 


1.99 


0.20 


2 




3 


2.99 


0.26 


2.99 


0.27 


2.99 


0.29 


2.98 


0.30 


3 




4 


3.98 


0.35 


3.98 


0.37 


3.98 


0.38 


3.98 


0.40 


4 




5 


4.98 


0.44 


4.98 


0.46 1 


4.98 


0.48 


4.97 


0.50 


5 




6 


5.98 


0.52 


5.97 


0.55 


5.97 


0.58 


5.97 


0.60 


6 




7 


6.97 


0.61 


6.97 


0.64 


6.97 


0.67 


6.96 


0.70 


7 




8 


7.97 


0.70 


7.97 


0.73 


7.96 


0.76 ' 


7.96 


0.80 


8 




9 


8.97 


0.78 


8.96 


0.82 


8.96 


0.86 


8.95 


0.90 


9 




10 
11 


9.96 


0.87 


9.96 


0.92 


9.95 


0.96 


9.95 


1.00 


10 

1 

n 




10.96 


0.96 


10.95 


i.or 


10.95 


1.05 


10.94 


1.10 




12 


11.95 


1.05 


11.95 


1.10 


11.94 


1.15 


11.94 


1.20 


12 




13 


12.95 


1.13 


12.95 


1.19 


12.94 


1.25 


12.93 


1.30 


13 




t4 


13.95 


1.22 


13.94 


1.28 


13.94 


1.34 


13.93 


1.40 


14 




15 


14.94 


1.31 


14.94 


1.37 


14.93 


1.44 


14.92 


1.50 


U 




16 


15.94 


1.39 


15.93 


1.46 


15.93 


1.53 


15.92 


1.60 


16 




17 


16.94 


1.48 


16.93 


1.56 


16.92 


1.63 


16.91 


1.70 


17 




18 


17.93 


1.57 


17.92 


1.65 


17.92 


1.73 


17.91 


1.80 


18 




19 


18.93 


1.66 


18.92 


1.74 


18.91 


1.82 


18.90 


1.90 


19 




20 


19.92 


1.74 


19.92 


1.83 


19.91 


1.92 


19.90 


2.00 


21 




21 


20.92 


1.83 


20.91 


1.92 


20.90 


2.01 


20.89 


2.10 




^ 


21.92 


1.92 


21.91 


2.01 


21.90 


2.11 


21.89 


2.20 


22 




23 


22.91 


2.00 


22.90 


2.10 


22.89 


2.20 


22.88 


2.30 


23 




24 


23.91 


2.09 


23.90 


2.20 


23.89 


2.30 


23.88 


2.40 


24 




25 


24.90 


2.18 


24.90 


2.29 


24.88 


2.40 


24.87 


2.50 


25 




26 


25.90 


2.27 


25.89 


2.38 


25.88 


2.49 


25.87 


2.60 


26 




27 


26.90 


2.35 


26.89 


2.47 


26.88 


2.59 


26.86 


2.71 


27 




28 


27.89 


2.44 


27.88 


2.56 


27.87 


2.68 


27.86 


2.81 


28 




29 


28.89 


2.53 


28.88 


2.65 


28.87 


2.78 


28.85 


2.91 


29 




30 


29.89 


2.61 


29.87 


2.75 


29.86 


2.88 


29.85 


3.01 


30 




31 


30.88 


2.70 


30.87 


2.84 


30.86 


2.97 


30.84 


3.11 


31 




32 


31.88 


2.79 


31.87 


2.93 


31.85 


3.07 


31.84 


3.21 


32 




a*? 


32.87 


2.88 


32.86 


3.02 


32.85 


3.16 


32.83 


3.31 


X\ 




34 


33.87 


2.96 


33.86 


3.11 


33.84 


3.26 


33.83 


3.41 


,T4 




3,5 


34.87 


3.05 


34.85 


3.20 


34.84 


3.35 


34.82 


3.51 


a^ 




^ 


35.86 


3.14 


35.85 


3.29 


35.83 


3.45 


35.82 


3.61 


36 




36.86 


3.22 


36.84 


3.39 


36.83 


3.55 


36.81 


3.71 


37 




38 


37.86 


3.31 


37.84 


3.48 


37.83 


3.64 


37.81 


3.81 


.as 




39 


38.85 


3.40 


38.84 


3.57 


38.82 


3.74 


38.80 


3.91 


n9 




40 
41 


39.85 


3.49 


39.83 


3.66 


39.82 


3.83 


39.80 


4.01 


40 
41 




40.84 


3.57 


40.83 


3.75 


4Q.81 


3.93 


40.79 


4.11 




42 


41.84 


3.66 


41.82 


3.84 


41.81 


4.03 ; 


41.79 


4.21 


42 




43 


42.84 


3.75 


42.82 


3.93 


42.80 


4.12 


42.78 


4.31 


43 




44 


43.83 


3.83 


43.82 


4.03 


43.80 


4.22 


43.78 


4.41 


44 




45 


44.83 


3.92 


44.81 


4.12 


44.79 


4.31 


44.77 


4.51 


45 




46 


45.82 


4.01 


45.81 


4.21 


45.79 


4.41 


45.77 


4.61 


46 




47 


46.82 


4.10 


46.80 


4.30 


46.78 


4.50 


46.76 


4.71 


47 




48 


47.82 


4.18 


47.80 


4.39 


47.78 


4.60 


47.76 


4.81 


48 




49 


48.81 


4.27 


48.79 


4.48 


48.77 


4.70 


48.75 


4.91 


49 




50 

• 

o 
o 

a 

1 


49.81 


4.36 


49.79 


4.58 


49.77 


4.79 


49.75 


5.01 


50 




Dep, 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


Lat. 


• 




85] 


>eg. 


84} 


Deff. 


84i: 


D^. 


84i] 


Deg. 


i 

Q 





TRAVERSiE TABLE. 



1^ 



an 


5Dcg. 


64 Beg. 


64 I>eg. 


6}Deg. 




F 


















1 

• 


• 


Lat. 


Dcp. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


51 


50.81 


4.44 


50.79 


4.67 


50.77 


4.89 


50.74 


5.11 


51 


62 


51.80 


4.53 


51.78 


4.76 


51.76 


4.98 


51.74 


5.21 


52 


53 


52.80 


4.62 


52.78 


4.85 


52.76 


5.08 


52.73 


6.31 


53 


54 


53.79 


4.71 


53.77 


4.94 


53.75 


5.18 


53.73 


5.41 


54 


55 


54.79 


4.79 


54.77 


5.03 


54.75 


5.27 


54.72 


5.51 


55 


56 


55.79 


4.88 


55.77 


5.12 


55.74 


5.37 


65.72 


5.61 


56 


57 


56.78 


4.97 


56.76 


5.22 


56.74 


5.46 


56.71 


5.71 


57 


58 


57.78 


5.06 


57.76 


5.31 


57.73 


5.66 


57.71 


5.81 


68 


59 


58.78 


5.14 


58.75 


5.40 


58.73 


5.65 


•58,70 


6.91 


59 


60 
61 


59.77 


5.23 


59.75 


5.49 


59.72 


5.75 


59.70 


6.01 


60 
61 


60.77 


5.32 


60.74 


5.58 


60.72 


5.85 


60.69 


6.11 


62 


61.76 


5.40 


61.74 


5.67 


61.71 


5.94 


61.69 


6.21 


62 


63 


62.76 


5.49 


62.74 


5.76 


62.71 


6.04 1 


62.68 


6.31 


63 


64 


63.76 


5.58 


63.73 


5.86 


63.71 


6.13 


63.68 


6.41 


64 


65 


64.75 


5.67 


64.73 


5.95 


64.70 


6.23 


64.67 


6.51 


65 


66 


65.75 


5.75 


63.72 


6.04 


65.70 


6.33 


65.67 


6.61 


66 


67 


66.75 


5.84 


66.72 


6.13 


66.69 


6.42 


66.66 


6.71 


67 


68 


67.74 


5.93 


67.71 


6.22 


67.69 


6.52 


67.66 


6.81 


68 


69 


68.74 


6.01 


68.71 


6.31 


68.68 


6.61 


68.65 


6.91 


69 


70 
71 


69.73 


6.10 


69.71 


6.41 


69.68 


6.71 


69.65 


7.01 


70 
71 


70.73 


6.19 


70.70 


6.50 


70.67 


6.81 


70.64 


7.11 


72 


71.73 


6.28 


71.70 


6.59 


71.67 


6.90 


71.64 


7.21 


72 


73 


72.72 


6.36 


72.69 


6.68 


72.66 


7.00 


72.63 


7.31 


73 


74 


73.72 


6.45 


73.69 


6.77 


73.66 


7.09 


73.63 


7.41 


74 


75 


74.71 


6.54 


74.69 


6.86 


74.65 


7.19 


74.62 


7.51 


75 


76 


75.71 


6.62 


75.68 


6.95 


75.65 


7.28 


75.62 


7.61 


76 


77 


76.71 


6.71 


76.68 


7.05 


76.65 


7.38 


76.61 


7.71 


77 


78 


77.70 


6.80 


77.67 


7.14 


77.64 


7.48 


77.61 


7.81 


78 


79 


78.70 


6.89 


78.67 


7.23 


78.64 


7.57 


78.60 


7.91 


79 


80 
81 


79.70 


6.97 


79.66 


7.32 


79.63 


7.67 


79.60 


8.02 


80 
81 


80.69 


7.06 


80.66 


7.41 


80.63 


7.76 


80.59 


8.12 


82 


81.69 


7.15 


81.66 


7.50 


81.62 


7.86 


81.69 


8.22 


82 


83 


82.68 


7.23 


82.65 


7.59 


82.62 


7.96 


82.58 


8.32 


83 


84 


83.68 


7.32 


83.65 


7.69 


83.61 


8.05 


83.58 


8.42 


84 


85 


84.68 


7.41 


84.64 


7.78 


84.61 


8.15 


84.57 


8.52 


85 


86 


85.67 


7.50 


85.64 


7.87 


85.60 


8.24 


85.57 


8.62 


86 


87 


86.67 


7.58 


86.64 


7.96 


86.60 


8.34 


86.56 


8.72 


87 


88 


87.67 


7.67 


87.63 


8.05 


87.59 


8.43 


87.56 


8. 82 


88 


89 


88.66 


7.76 


88.63 


8.14 


88.59 


8.53 


88.55 


8.92 


89 


90 
91 


89.66 


7.84 


89.62 


8.24 


89.59 


8.63 


89.55 


9.02 


90 
91 


90.65 


7.93 


90.62 


8.33 


90.58 


8.72 


90.54 


9.12 


92 


91.65 


8.02 


91.61 


8.42 


91.58 


8.82 


91.54 


9.22 


92 


93 


92.65 


8.11 


92.61 


8.51 


92.57 


8.91 


92.53 


9.32 


93 


94 


93.64 


8.19 


93.01 


8.60 


93.57 


9.01 


93.53 


9.42 


94 


95 


94.64 


8.28 


94.60 


8.69 


94.56 


9.11 


94.52 


9.52 


95 


96 


95.63 


8.37 


95.60 


8.78 


95.56 


9.20 


95.52 


9.62 


96 


97 


96.63 


8.45 


96.59 


8.83 


96.55 


9v30 


96.51 


9.72 


97 


98 


97.63 


8.54 


07.59 


8.97 


97.55 


9.39 


97.51 


9.82 


98 


99 


98.62 


8.63 


98.59 


9.06 


98.54 


9.49 


98.50 


9.92 


99 


100 


99.62 


8.72 


99.58 


9.15 


99.54 


9.58 


99.50 


10.02 


100 

1 

5 


1 

1 Distance. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


851 


:>e5. 


84} Deg. 


84) 


Deg. 


84i 


Deg. 



14 



TRAVERSE TABLE. 



~ 


6 Dei:. 


6iDi^. 


ejDeg. 1 


61 Deg. i 1 


• 


















1 

• 


Lat 


Dep. 


Lat 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


1 


0.99 


0.10 


0.99 


0.11 


0.99 


0.11 


0.99 


0.12 


1 


2 


1.99 


0.21 


1.99 


0.22 


1.99 


0.23 


1.99 


0.24 


2 


3 


2.98 


0.31 


2.98 


0.33 


2.98 


0.34 


2.98 


0.35 


3 


4 


3.98 


0.41 


3.98 


0.44 


3.97 


0.45 


3.97 


0.47 


4 


5 


4.97 


0.52 


4.97 


0.54 


4.97 


0.57 


4.97 


0.59 


5 


6 


5.97 


0.63 


5.96 


0.65 


5.96 


0.68 


5.96 


0.71 


6 


7 


6.96 


0.73 


6.96 


0.76 


6.96 


0.79 


6.95 


0.82 


7 


8 


7.96 


0.84 


7.95 


0.87 


7.95 


0.91 


7.94 


0.94 


8 


9 


8.95 


0.94 


8.95 


0.98 


8.94 


1.02 


8.94 


1.06 


9 


to 


9.95 


1.05 


9.94 


1.09 


9.94 


1.13 


9.93 


1.18 


10 


11 


10.94 


1.15 


10.93 


, 1.20 


10.93 


1.25 


10.92 


1.29 


11 


12 


11.93 


1.25 


11.93 


1.31 


11.92 


1.36 


11.92 


1.41 


12 


13 


12.93 


1.36 


•12.92 


1.42 


12.^ 


1.47 


12.91 


1.53 


13 


14 


13.92 


1.46 


13.92 


1.52 


13.91 


1.59 


13.90 


1.65 


14 


15 


14.92 


1.57 


14.91 


1.63 


14.90 


1.70 


14.90 


1.76 


15 


16 


15.91 


1.67 


15.90 


1.74 


15.90 


1.81 


15.89 


1.88 


16 


17 


16.91 


1.78 


16.90 


1.85 


16.89 


1.92 


16.88 


2.00 


17 


18 


17.90 


1.88 


17.89 


1.96 


17.88 


2.04 


17.88 


2.12 


18 


19 


18.90 


1.99 


18.89 


2.07 


18.88 


2.15 


18.87 


2.23 


19 


20 


19.89 


2.09 


19.88 


2.18 


19.87 


2.26 


19.86 


2.35 


20 


2] 


20.88 


2.20 


20.88 


2.29 


20.87 


2.38 


20.85 


2.47 


21 


22 


21.88 


2.30 


21.87 


2.40 


21.86 


2.49 


21.85 


2.59 


22 


23 


22.87 


2.40 


22.86 


2.50 


22.85 


2.60 


22.84 


2.70 


23 


24 


23.87 


2.51 


23.86 


2.61 


23.85 


2.72 


23.83 


2.82 


24 


25 


24.86 


2.61 


24.85 


2.72 


24.84 


2.83 


24.83 


2.94 


25 


26 


25.86 


2.72 


25.85 


2.83 


25.83 


2.94 


25.82 


3.06 


26 


27 


26.85 


2.82 


26.84 


2.94 


26.83 


3.06 


26.81 


3.17 


27 


28 


27.85 


2.93 


27.83 


3.05 


27.82 


3.17 


27.81 


3.29 


28 


29 


28.84 


3.03 


28.83 


3.16 


28.81 


3.28 


28.80 


3.41 


29 


30 


29.84 


3.14 


29.82 


3.27 


29.81 


3.40 


29.79 

1 


3.53 


30 


31 


30.83 


3.24 


30.82 


3.37 


30.80 


3.51 


30.79 


3.64 


31 


32 


31.82 


3.34 


31.81 


3.48 


31.79 


3.62 


31.78 


3.76 


32 


33 


32.82 


3.45 


32.80 


3.59 


32.79 


3.74 


32.77 


3.88 


33 


34 


33.81 


3.55 


33.80 


3.70 


33.78 


3.85 


33.76 


4.00 


34 


35 


34.81 


3.66 


34.79 


3.81 


34.78 


3.96 


34.76 


4.11 


35 


36 


35.80 


3.76 


35.79 


3.92 


35.77 


4.08 


36.75 


4.23 


36 


37 


36.80 


3.87 


36.78 


4.03 


36.76 


4.19 


36.75 


4.35 


37' 


38 


37.79 


3.97 


37.77 


4.14 


37.76 


4.30 


37.74 


4.47 


.*« 1 


39 


38.79 


4.08 


38.77 


4.25 


38.75 


4.41 


38.73 


4.58 


39 1 


40 


39.78 


4.18 


39.76 


4.35 


39.74 


4.53 


39.72 


4.70 


40 


41 


40.78 


4.29 


40.76 


4.46 


40.74 


4.64 


40.72 


4.82 


41 


42 


41.77 


4.39 


41.75 


4.57 


41.73 


4.76 


41.71 


4.04 


42 


43 


42.76 


4.49 


42.74 


4.68 


42.72 


4.87 


42.70 


5.05 


43 


44 


43,76 


4.60 


43.74 


4.79 


43.72 


4.98 


43.70 


5.17 


44 


45 


44.75 


4.70 


44.73 


4.90 


44.71 


5.09 


44.69 


5.29 


45 


46 


45.75 


4.81 


45.73 


5.01 


45.70 


5.21 


45.68 


5.41 


46 


47 


46.74 


4.91 


46.72 


5.12 


46.70 


5.32 


46.67 


5.52 


47 


48 


47.74 


5.02 


47.71 


5.23 


47.69 


5.43 


47.67 


5.64 


48 


49 


48.73 


5.12 


48.71 


5.34 


48.69 


5.55 


48.66 


5.76 


49 


50 

s 


49.73 


5.23 


49.70 


5.44 


49.68 


5.66 


49.65 


5.88 


50 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


• 


s 


















1 


.9 


84] 


J9g» 


93* 


Veg. 


1 "* 


Dei:. 


83i 


D^. 


5 



TRAVERSE TABLE. 



Id 



1 














-.^..^ 






51 


6De(. 


6i De^. 


eiDeff. 


eiDeflT. 


1 Distance. 


LaL 


Dep. 


LaL 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


60.72 


5.33 


50.70 


5.65 


50.67 


6.77 


60.65 


6.99 


51 


52 


51.72 


5.44 


51.69 


5.66 


51.67 


5.89 


61.64 


6.11 


52 


63 63.71 


6.64 


52.68 


5.77 


62.66 


6.00 


62.63 


6.23 


53 


64 63.70 


5.64 


53.68 


5.88 


53.65 


6.11 


63.63 


6.35 


54 


66 54.70 


6.75 


54.67 


5.99 


54.65 


6.23 


54.62 


6.46 


55 


66 65.69 


6.85 


55.67 


6.10 


65.64 


6.34 


55.61 


6.58 


56 


67 ! 56 69 


5*96 


56.66 


6.21 


56.63 


6.45 


56.60 


6.70 


57 


68 


67.68 


6.06 


57.66 


6.31 


67.63 


6.57 


57.60 


6.82 


58 


69 


58.68 


6.17 


58.65 


6.42 


58.62 


6.68 


68.59 


6.93 


59 


60 


69.67 


6.27 


59.64 


6.53 


59.61 


6.79 


59.58 


7.05 


60 


61 


60.67 


6.38 


60.64 


6.64 


60.61 


6.91 


60.58 


7.17 


61 


62 


61.66 


6.48 


61.63 


6.75 


61.60 


7.02 


61.57 


7.29 


62 


63 


62.65 


6.59 


62.63 


6.86 


62.60 


7.13 


62.56 


7.40 


63 


64^ 


63.65 


6.69 


63.62 


6.97 


63.59 


7.25 


63.56 


7.52 


64 


65 


64.64 


6.79 


64.61 


7.08 


64.58 


7.36 


64.55 


7.64 


65 


66 


65.64 


6.90 


65.61 


7.19 


65.58 


7.47 


65.54 


7.76 


66 


67 


66.63 


7.00 


66.60 


7.29 


66.57 


7.58 


66.54 


7.88 


67 


68 


67.63 


7.11 


67.60 


7.40 


67.56 


7.70 


67.53 


7.99 


68 


69 


68.62 


7.21 


68.59 


. 7.51 


68.56 


7.81 


68.52 


8.11 


69 


70 


69.62 


7.32 


69.58 


7.62 


69.65 


7.92 


69.51 


8.23 


70 
71 


71 


70.61 


7.42 


70.68 


7.73 


70.54 


8.04 


70.51 


8.35 


72 


71.61 


7.53 


71.57 


7.84 


71.54 


8.15 


71.50 


8.46 


72 


73 


72.60 


7.63 


72.67 


7.95 


72.53 


8.26 


72.49 


8.58 


73 


74 


73.69 


7.74 


73.56 


8.06 


73.52 


8.38 


73.49 


8.70 


74 


75 


74.59 


7.84 


74.55 


8.17 


74.52 


8.49 


74.48 


8.82 


75 


76 


75.58 


7.94 


75.55 


8.27 


75.51 


8.60 


75.47 


8.93 


76 


77 


76.58 


8.05 


76.54 


8.38 


76.51 


8.72 


76.47 


9.05 


77 


78 


77.57 


8.15 


77.54 


8.49 


77.60 


8.83 


77.46 


9.17 


78 


79 


78.67 


8.26 


78.63 


8.60 


78.49 


8.94 


78.45 


9.29 


79 


80 


79.56 


8.36 


79.53 


8.71 


79.49 


9.06 


79.45 


9.40 


80 


81 


80.56 


8.47 


80.52 


8.82 


80.48 


9.17 


80.44 


9.52 


81 


82 


81.55 


8.67 


81.51 


8.93 


81.47 


9.28 


81.43 


9.64 


82 


Kl 


82.55 


8.68 


82.51 


9.04 


82.47 


9.40 


82.42 


9.76 


83 


84 


83.54 


8.78 


83.50 


9.14 


83.46 


9.51 


83.42 


9.87 


84 


as 


84.53 


8.88 


84.50 


9.25 


.84.45 


9.62 


84.41 


9.99 


a5 


86 


86.53 


8.99 


85.49 


9.36 


85.45 


9.74 


85.40 


10.11 


86 


87 


86.52 


9.09 


86.48 


9.47 


86.44 


9.85 


86.40 


10.23 


87 


88 


87.52 


9.20 


87.48 


9.58 


87.43 


9.96 


87.39 


10.34 


88, 


89 


88.51 


9.30 


88.47 


9.69 


88.43 


10.08 


88.38 


10.46 


89 


90 


89.51 


9.41 


89.47 


9.80 


89.42 


10.19 


89.38 


10.58 


90 


91 


90.50 


9.51 


90.46 


9.91 


90.42 


10.30 


90.37 


10.70 


91 


92 


91.50 


9.62 


91.45 


10.02 


91.41 


10.41 


91.36 


10.81 


92 


93 


92.49 


9.72 


92.45 


10.12 


92.40 


10.53 


92.36 


10.93 


93 


94 


93.49 


9.83 


93.44 


10.23 


93.40 


10.64 


93.35 


11.05 


94 


95 


94.48 


9.93 


94.44 


10.34 


94.39 


10.75 


94.34 


11.17 


95 


96 


95.47 


10.03 


95.43 


10.45 


95.38 


10.87 


95.33 


11.28 


96 


97 


96.47 


10.14 


96.42 


10.56 


96.38 


10.98 


96.33 


11.40 


97 


98 


97.46 


10.24 


97.42 


10.67 


97.37 


11.09 


97.32 


11.52 


98 


99 


98.46 


10.35 


98.41 


10.78 


98.36 


11.21 


98.31 


11.64 


99 


100 

T 

a 1 


99.45 


10.45 


99.41 


10.89 


99.36 


11.32 


99.31 


11.76 


100 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


i 


841 


)eg. 

1 


831] 


I>«f. 


WJDeg. j 


83} Def . 


%g0 



!« 



TRAVBKSE TIBLE 



s- 

• 


7Deg. 


n D«g. 


7i Dtg. 


7|D<5. 




JLat. 


Dep. 


JLat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


1 


0.99 


0.12 


0.99 


0.13 


0.99 


0.13 


0.99 


0.13 


1 


2 


1.99 


0.24 j 


1.98 


0.25 


1.98 


0.26 


1.98 


0.27 


2 


3 


2.98 


0.37 


2.98 


0.38 


2.97 


0.39 


2.97 


0.40 


3 


4 


3.97 


0.49 I 


3.97 


0.50 


3.97 


0.52 


3.96 


0.54 


4 


5 


4.96 


0.61 i 


4.96 


0.63 


4.96 


0.65 


4.95 


0.67 


5 


6 


5.96 


0.73 i 


5.95 


0.76 


5.95 


0.78 


6.95 


0.81 


6 


7 


6.95 


0.85 ! 


6.94 


0.88 


6.94 


0.91 


6.04 


0.94 


7 


8 


7.94 


0.97 ! 


7.94 


1.01 


7.93 


1.04 


7.93 


1.06 


8 


9 


8.93 


1.10 > 


8.93 


1.14 


8.92 


1.17 


8.92 


1.21 


9 


10 


9.93 


1.22 


9.92 


1.26 


9.91 


1.31 


I 9.91 


1.35 


to 


11 


10,92 


1.34 


10.91 


1.39 


10.91 


1.44 


10.90 


1.48 


11 


12 


11.91 


1.46 , 


11.90 


1.51 


11.90 


1.57 


! 11.89 


1.62 


12 


13 


12.90 


1.68 ' 


12.90 


1.64 


12.89 


1.70 


12.88 


1.75 


13 


14 


13.90 


1.71 


13.89 


1.77 


13.88 


1.83 


13.87 


1.89 


14 


15 


14.89 


1.83 


14.88 


1.89 


14.87 


1.96 


14.86 


2.02 


15 


16 


15.88 


1.95 


15.87 


2.02 


15.86 


2.09 


15.85 


2.16 


16 


17 


16.87 


2.07 


16.86 


2.15 


16.85 


2.22 


16.84 


2.29 


17 


18 


17.87 


2.19 


17.86 


2.27 


17.85 


2.35 


17.84 


2.43 


18 


19 


18.86 


2.32 


18.85 


2.40 


18.84^ 


2.48 


18.83 


2.56 


19 


20 


19.85 


2.44 


19.84 


2.62 


19.83 


2.61 


19.82 


2.70 


20 


21 


20.84 


2.56 


20.83 


2.65 


20.82 


2.74 


20.81 


2.83 


21 


22 


21.84 


2.68 


21.82 


2.78 


21.81 


2.87 


21.80 


2.97 


22 


23 


22.83 


2.80 


22.82 


2.90 


22.80 


3.00 


22.79 


3.10 


23 


24 


23.82 


2.92 


23 81 


3.03 


23.79 


3.13 


23.78 


3.24 


24 


25 


24.81 


3.05 


24.80 


3.15 


24.79 


3.26 


24.77 


3.37 


25 


26 


25.81 


3.17 


25.79 


3.28 


25.78 


3.39 


25.76 


3.61 


26 


27 


26.80 


3.29 


26.78 


3.41 


26.77 


3.52 


26.75 


3.64 


27 


28 


27.79 


3.41 


27.78 


3.53 


27.76 


3.65 


27.74 


3.78 


28 


29 


28.78 


3.53 


28.77 


3.66 


28.75 


3.79 


28.74 


3.91 


29 


30 


29.78 


3.66 


29.76 


3.79 


29.74 


3.92 


29.73 


4.05 


30 


31 


30.77 


3.78 


30.75 


3.91 


30.73 


4.05 


30.72 


4.18 


31 


32 


31.76 


3.90 


31.74 


4.04 


31.73 


4.18 


31.71 


4.32 


32 


33 


32.75 


4.02 


32.74 


4.16 


32.72 


4.31 


32.70 


4.45 


33 


34 


33.75 


4.14 


33.73 


4.29 


33.71 


4.44 


33.69 


4.68 


34 


a*) 


34.74 


4,27 


34.72 


4.42 


34.70 


4.57 


34.68 


4.72 


35 


36 


35.73 


4.39 


35.71 


4.54 


35.69 


4.70 


35.67 


4.85 


36 


37 


36.72 


4.51 


36.70 


4.67 


36.68 


4.83 


36.66 


4.99 


37 


38 


37.72 


4.63 


37.70 


4.80 


37.67 


4.96 


37.65 


6.12 


38 


39 


38.71 


4.76 


38.69 


4.92 


38.67 


5.09 


38.64 


6.26 


39 


40 


39.70 


4.87 


39.68 


5.05 


39.66 


5.22 


39.63 


5.39/ 


40 


41 


40.70 


6.00 


40.67 


6.17 


40.65 


5.35 


i 40.63 


6.53 


41 


42 


41.69 


5.12 


41.66 


6.30 


41.64 


5.48 


) 41.62 


5.66 


42 


43 


42.68 


6.24 


42.66 


6.43 


42.63 


6.61 


42.61 


6.80 


43 


44 


43.67 


6.36 


43.65 


6.55 


43.62 


6.74 


43.60 


6.93 


44 


45 


44.67 


6.48 


44.64 


5.68 


44.62 


6.87 


44.59 


6.07 


45 


46 


45.66 


6.61 


45.63 


6.81 


45.61 


6.00 


45.68 


6.20 


46 


47 


46.65 


6.73 


46.62 


5.93 


46.60 


6.13 


46.57 


6.34 


47 


48 


47.64 


6.85 


47.62 


6.06 


47.69 


6.27 


47.66 


6.47 


48 


49 


48.63 


6.97 


48.61 


6.18 


48.58 


6.40 


48.65 


6.61 


49 


50 


49.63 


6.09 


49.60 


6.31 


49.67 


6.63 


49.64 


6.74 


60 


• 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Q 


«ni 


H 


32] 


Dag. 


82J 


D^. 


• 


Dag. 






TRAVERSE TABLE. 



IV 



c- 

1 

• 

51 


7 Dep. 


7i Deg. 


TJDej. 


7*Deff. 


1 Distance. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. • 


Lat. 


Dep. 


50.62 


6.22 


50.59 


6.44 


50.56 


6.66 


50.53 


6.88 


51 


1 52 


51.61 


6.34 


51.58 


6.56 


51.56 


6.79 


51.53 


7.01 


52 


53 


52.60 


6.46 


52.58 


6.69 


52.55 


6.92 


52.52 


7.15 


53 


54 


53.60 


6.58 


53.57 


6.81 


53.54 


7.05 


53.51 


7.28 


54 


55 


54.59 


6.70 


54.56 


6.94 


54.53 


7.18 


54.50 


7.42 


55 


56 


55.58 


, 6.82 


55.55 


7.07 


65.52 


7.31 


55.49 


7.65 


56 


57 


56.58 


6.95 


56.54 


7.19 


56.51 


7.44 


56.48 


7.69 


57 


58 


57.57 


7.07 1 


57.54 


7.32 


57.50 


^-.57 


57.47 


7.82 


58 


59 


58.56 


7.19 I 


58.53 


7.45 


58.50 


7.70 


58.46 


7.96 


59 


60 
61 


59.55 


7.31 


59.52 


7.57 


59.49 

1 


7.83 


59.45 


8.09 


60 
61 


60.55 


7.43 1 


60.51 


7.70 
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21.12 


6.16 


21.09 


6.25 


21.07 


6.34 


22 


23 


22.11 


6.34 


22.08 


6.44 


22.06 


6.63 


22.02 


6.63 


23 


24 


23.07 


6.62 


23.04 


6.72 


23.01 


6.82 


22.98 


6.92 


24 


25 


24.03 


6.89 


24.00 


7.00 


23.97 


7.10 


23.94 


7.20 


26 


26 


24.99 


7.17 


24.96 


7.28 


24.93 


7.38 


24.90 


7.49 


26 


27 


25.95 


7.44 


25.92 


7.66 


25.89 


7.67 


25.85 


7.78 


27 


28 


26.92 


7.72 


26.88 


hIu 


26.86 


7.95 


26.81 


8.07 


28 


29 


27.88 


7.99 


27.84 


27.81 


8.24 


27.77 


8.36 


29 


30 


28.84 


8.27 


28.80 


8.39 


28.76 


8.52 


28.73 


8.66 


30 


31 


29.80 


8.54 


29.76 


8.67 


29.72 


8.80 


29.68 


8.93 


31 


32 


30.76 


8.82 


30.72 


8.95 


30.68 


9.09 


30.64 


9.22 


32 


33 


31.72 


9.10 


31.68 


9.23 


31.64 


9.37 


31.60 


9.61 


33 


34 


32.68 


9.37 


32.64 


9.51 


32.60 


9.66 


32.56 


9.80 


34 


35 


33.64 


9.65 


33.60 


9.79 


33.66 


9.94 


33.61 


10.09 


%% 


36 


34.61 


9.92 


34.56 


10.07 


34.62 


10.22 


34.47 


10.38 


36 


37 


35.57 


10.20 


35.52 


10.35 


35.48 


10.51 


35.43 


10.66 


37 


38 


36.53 


10.47 


36.48 


10.63 


36.44 


10.79 


36.39 


10.95 


.SK 


38 


37.49 


10.75 


37.44 


10.91 


37.39 


11.08 


37.35 


11.24 


39 


40 


38.45 


11.03 


38.40 


11.19 


38.35 


11.36 


38.30 


11.53 


40 


41 


39.41 


11.30 


39.36 


11.47 


39.31 


11.64 


39.26 


11.82 


41 


42 


40.37 


11.58 


40.32 


11.75 


40.27 


11.93 


'40.22 


12.10 


42 


43 


41.33 


11.85 


41.28 


12.03 


41.23 


12.21 


41.18 


12.39 


43 


44 


42.30 


12.13 


42.24 


12.31 


42.19 


12.50 


42.13 


12.68 


44 


45 


43.26 


12.40 


43.20 


12.69 


43.15 


12.78 


43.09 


12.97 


45 


46 


44.22 


12.68 


44.16 


12.87 


44.11 


13.06 


44.05 


13.26 


46 


47 


45.18 


12.95 


45.12 


13.15 


45.06 


13.35 


46.01 


13.56 


47 


48 


46.14 


13.23 


46.08 


13.43 


46.02 


13.63 


46.96 


13.83 


48 


49 


47.10 


13.51 


47.04 


13.71 


46.98 


13.92 


46.92 


14.12 


49 


50 


48.06 


13.78 


48.00 


13.99 


47.94 


14.20 


47.88 


14.41 


50 


1 Diftance. 


Dep. 


Lat 


Dep. 


Lat 


Dep. 


Lat 


Dep. 


Lat 


■ 


741 


>«K. 


731 


Deg. 


73i 


Deg. 


73i 


Deg. 
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1 Distance. 


9Deg. 


diPeg. 


9i Deg. 


9|Deg. 


o 

s 


Lat 


Ddp. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


51 


50.37 


7.98 


50.34 


8.20 i 


50.30 


8.43 


50.26 


8.64 


51 


52 


51.36 


8.13 


51.32 


8.36 


51.29 


8.58 


51.25 


8.81 


52 


53 


52.35 


8.29 


52.31 


8.52 


52.27 


8.75 


52.23 


8.98 


53 


54 


53.34 


8.45 


53.30 


8.68 


53.26 


8.91 


53.22 


9.14 


54 


55 


54.32 


8.60 


54.28 


8.84 


54.25 


9.08 


54.21 


9.31 


55 


56 


55.31 


8.76 


55.27 


9.00 


55.23 


9.24 


55.19 


9.48 


56 


57 


56.30 


8.92 


56.26 


9.16 


56.22 


9.41 


56.18 


9.65 


57 


58 


57.29 


9.07 


57.26 


9.32 


57.20 


9.57 


57.16 


9.82 


58 


59 


58.27 


9.23 


58.23 


9.48 


58.19 


9.74 


58.15 


9.99 


59 


60 
61 


59.26 


9.y 


59.22 


9.64 


59.16 


9.90 


59.13 


10.16 


60 

61 


60.25 


9.54 


60.21 


9.81 


60.16 


10.07 


60.12 


10.33 


62 


61.24 


9.70 


61.19 


9.97 


61.15 


10.23 


61.10 


10.50 


62 


63 


62.22 


9.86 


62.18 


10.13 


62.14 


10.40 


62.09 


10.67 


63 


64 


63.21 


10.01 


63.17 


10.29 


63.12 


10.56 


63.08 


10.84 


64 


65 


64.20 


10.17 


64.15 


10.45 


64.11 


10.73 


64.06 


11.01 


65 ~ 


66 


65.19 


10.32 


65.14 


10.61 


65.09 


10.89 


65.05 


11.18 


66 


67 


66.18 


10.48 


66.13 


10.77 


66.08 


11.06 


66.03 


11.35 


67 


68 


67.16 


10.64 


67.12 


10.93 


67.07 


11.22 


67.02 


11.52 


68 


69 


68.15 


10.79 


68.10 


11.09 


68.05 


11.39 


68.00 


11.69 


69 


70 
71 


69.14 


10.95 


69.09 


11.25 


69.04 


11.55 


68.99 


11.85 


70 


70.13 


11.11 


70.08 


11.41 


70.03 


11.72 


69.97 


12.02 


71 


72 


71.11 


11.26 


71.06 


11.57 


71.01 


11.88 


70.96 


12.19 


72 


73 


72.10 


11.42 


72.05 


11.73 


72.00 


12.05 


71.95 


12.36 


73 


74 


73.09 


11.58 


73.04 


11.89 


72.99 


12.21 


72.93 


12.53 


74 


75 


74.08 


11.73 


74.02 


12.06 


73.97 


12.38 


73.92 


12.70 


75 


76 


75.06 


11.89 


75.01 


12.22 


74.96 


12.54 


74.90 


12.87 


76 


77 


76.05 


12.05 


76.00 


12.38 


75.94 


12.71 


75.89 


13.04 


77 


78 


77.04 


12.20 


76.99 


12.54 


76.93 


12.87 


76.87 


13.21 


78 


79 


78.03 


12.36 


77.97 


12.70 


77.92 


13.04 


77.86 


13.38 


79 


80 


79.02 


12.51 


78.96 


12.86 


78.90 


13.20 


78.84 


13.55 


80 


81 


80.00 


12.67 


79.95 


13.02 


79.89 


13.37 


79.83 


13.72 


81 


82 


80.99 


12.83 


80.93 


13.18 


80.88 


13.53 


80.82 


13.89 


82 


ai 


81.98 


12.98 


81.92 


13.34 


81.86 


13.70 


81.80 


14.06 


83 


84 


82.97 


13.14 


82.91 


13.50 


82.85 


13.86 


82.79 


14.23 


84 


85 


83.95 


13.30 


83.89 


13.66 


83.83 


14.03 


83.77 


14.39 


.85 


86 


84.94 


13.45 


84.88 


13.82 


84.82 


14.19 


84.76 


14.56 


86 


87 


85.93 


13.61 


85.87 


13.98 


85.81 


14.36 


85.74 


14.73 


87 


88 


86.92 


13.77 


86.86 


14.15 


86.79 


14.52 


86.73 


14.90 


88 


89 


87.90 


13.92 


87.84 


14.31 


87.78 


14.69 


87.71 


15.07 


89 


90 


88.89 


14.08 


88.83 


14.47 


88.77 


14.85 


88.70 


15.24 


90 


91 


89.88 


14.24 


89.82 


14.63 


89.75 


15.02 


89.69 


15.41 


91 


92 


90.87 


14.39 


90.80 


14.79 


90.74 


15.18 


90.67 


15.58 


9li 


93 


91.86 


14.55 


91.79 


14.95 


91.72 


15.35 


91.66 


15.75 


93 


94 


92.84 


14.70 


92.78 


15.11 


92.71 


15.51 


92.64 


15.92 


94 


95 


93.83 


14.86 


93.76 


15.27 


93.70 


15.68 


93.63 


16.09 


95 


96 


94.82 


15.0-2 


94.75 


15.43 


94.68 


15.84 


94.61 


16.26 


96 


97 


95.81 


15.17 


95.74 


15.59 


95.67 


16.01 


95.60 


16.43 


97 


98 


96.79 


15.33 


96.73 


15.75 


96.66 


16.17 


96.58 


16.60 


98 


99 


97.78 


15.49 


97.71 


15.91 


97.64 


16.34 


97.57 


16.77 


99 


100 


98.77 


15.64 


98.70 


16.07 


98.63 


16.50 


98.56 


16.93 


100 


• 

s 
1 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. Lat. 


1 
















.S 


811 


>^. 


80} 


Deg. 


80i: 


Deg. 


80} Deg. 


a 



38 



TRAVERSE TABLE. 



d 
1 

B 

8 

• 
1 


17 Dei;. 


m D^. . 


m Deg. 


I7i Deg. 


s 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep.' 


• 
1 


0.96 


0.29 


0.95 


0.30 


0.95 


0.30 


0.95 


0.30 


2 


1.91 


0.58 


1.91 


0.59 


1.91 


0.60 


1.90 


0.61 


2 


3 


2.87 


0.88 


2.87 


0.89 


2.86 


0.90 


2.86 


0.91 


3 


4 


3.83 


1.17 


3.82 


1.19 


3.81 


1.20 


3.81 


1.22 


4 


6 


4.78 


1.46 


4.78 


1.48 


4.77 


1.50 


4.76 


1.52 


5 


« 


5.74 


1.75 


5.73 


1.78 


5.72 


1.80 


5.71 


1.83 


6 


7. 


6.69 


2.05 


6.69 


2.08 


6.68 


2.10 


6.67 


2.13 


7 


8 


7.65 


2.34 


7.64 


2.37 


7.63 


2.41 


7.62 


2.44 


8 


9 


8.61 


2.63 


8.60 


2.67 


8.58 


2.71 


8.57 


2.74 


9 


11 


9.56 


2.92 


9.55 


2.97 


9.S4 


3.01 


9.52 


3.05 


10 


10.52 


3.22 


ro.5i 


3.96 it 10.49 
3.56 i 11.44 


3.31 


10.48 


3.35 


11 


12 


11.48 


3.51 


11.46 


3.61 


11.43 


3.66 


12 


13 


12.43 


3.80 


12.42 


3.85 


12.40 


3.91 


12.38 


3.96 


13 


14 


13.39 


4.09 


13.37 


4.15 


13.35 


4.21 


13.33 


4.27 


14 


15 


14.34 


4.39 


14.33 


4.45 


14.31 
15.26* 


4.51 


14.29 


4.57 


15 


1« 


15.30 


4.68 


15.28 


4.74 


4.81 


15.24 


4.88 


16 


17 


16.26 


4.97 


16.24 


5.04 


16.21 


5.11 


16.19 


5.18 


17 


18 


17.21 


5.26 


17.19 


5.34 


17.17 


5.41 


r.i4 


5.49 


18 


19 


18.17 


5.56 


18.15 


5.63 1 18.12 


6.71 


18.10 


5.79 


19 


20 


19.13 


5.85 


19.10 


5.93 


19.07 


6.01 


19.05 


6.10 


20 


21 


20.08 


6.14 


20.06 


6.23 


20.03 


6.31 


20.00 


6.40 


21 


22 


21.04 


6.43 


21.01 


6.52 


S0.98 


6.62 


1 20.95 


6.71 


22 


23 


21.99 


6.72 


21.97 


6.82 


21.94 


6.92 


21.91 


7.01 


23 


24 


22.95 


7.02 


22.92 


7.12 


22.89 


7.22 


1 22.86 


7.32 


24 


25 


23.91 


7.31 


23.88 


7.41 


23.84 


7.52 


: 23.81 


7.62 


25 


26 


24.86 


7.60 


24.83 


7.71 


24.80 


7.82 


1 24.76 


7.93 


26 


27 


25.82 


7.89 


25.79 


8.01 


25.75 


8.12 


25.71 


8.23 


27 


28 


26.78 


8.19 


26.74 


8.30 1 26.70 
8.60 f 27.66 


8.42 


28.67 


8.64 


28 


29 


27.73 


8.48 


27.70 


8.72 


27.62 


8.84 


29. 


:k) 


28.69 


8.77 


28.65 


8.90 


28.61 


9.02 


28.57 


9.15 


30 
31 


31 


29.65 


9.06 


29.61 


9.19 


29.57 


9.32 


29.52 


9.45 


32 


30.60 


9.36 


30.56 


9.49 


30.52 


9.62 


30.48 


9.76 


32 


33 


31.56 


9.65 


31.52 


9.79 


31.47 


9.92 


31.43 


10.06 


33 


34 


32.51 


9.94 


32.47 


10.08 


32<43 


10.22 


32.38 


10.37 


34 


35 


33.47 


10.23 


33.43 


10.38 ll 33.38 


10.52 


33.33 


10.67 


as 


36 


34.43 


10.53 


34.38 


10.68 34.33 


10.83 


34.29 


10.98 


36 


37 


35.38 


10.82 


35.34 


10.97 f 35.29 


11.13 


35.24 


11.28 


37 


38 


36.34 


11.11 


36.29 


11.27 


36.24 


11.43 


36.19 


11.58 


38 


39 


37.30 


11.40 


37.25 


11.57 


37.19 


11.73 


37.14 


11.89 


39 


40 


38.25 


11.69 


38.20 


11.86 


38.15 


12.03 


38.10 


12.19 


40 


41 


39.2} 


11.99 


39.16 


12.16 


39.10 


12.33 


39.05 


12.50 


41 


42 


40.16 


12.28 


40.11 


12.45 


40.06 


12.63 


40.00 


12.80 


42 


43 


41.12 


12.57 


41.07 


12.75 


41.01 


12.93 


40.95 


13.11 


43 


44 


42.08 


12.86 


42.02 


13.05 


41.96 


13.23 


41.91 


13.41 


44 


45 


43.03 


13.16 


42.98 


13.34 


42.92 


13.53 


42.86 


13.72 


45 


46 


43.99 


13.45 


43.93 


13.64 


43.87 


13.83 


43.81 


14.02 


46 


47 


44.95 


13.74 


44.89 


13.94 


44.82 


14.13 


44.76 


14.33 


47 


48 


45.90 


14.03 


45.84 


14.23 


45.78 


14.43 


45.71 


14.63 


48 


49 


46.86 


14.33 


46.80 


14.53 


46.73 


14.73 


46.67 


14.94 


49 


50 


47.82 


14.62 


47.75 


14.83 


47.69 


15.04 


47.62 


15.24 50 11 


• 

8 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 










t 






ii 


731 


)eff. 


7« 


Deg. 1 72iDeg. 


721 Deg. 
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r 

• 




• 


VHT>eg. 


17} Deg. 


8 


Lat. 


D«p. 


Lat. 


Dep. 


Lat. 


Dap. 


Lat. 


Dep. 


51 


48.77 


14.91 


48.71 


15.12 


48.64 


15.34 


48.67 


16.66 


61 


62 


49.73 


15.20 


49.66 


15.42 


49.59 


15.64 


49.52 


15.85 


62 


53 


50.68 


15.50 


50.62 


15.72 


50.65 


16.94 


60.48 


16.16 


63 


54 


51.64 


15.79 


51.57 


16.01 


51.50 


16.24 


61.43 


16.46 


64 


55 


52.60 


16.08 


52.53 


16.31 


52.45 


16.64 


62.38 


16.77 


66 


56 


53.55 


16.37 


53.48 


16.61 


53.41 


16.84 


63.33 


17.07 


56 


57 


54.51 


16.67 


54.44 


16.90 


64.36 


17.14 


64.29 


17.38 


57 


58 


55.47 


16.96 


55.39 


17.20 


56.32 


17.44 


66.24 


17.69 


68 


59 


56.42 


17.25 


56.35 


17.50 


56.27 


17.74 


66.19 


17.99 


69 


60 


57.38 

■ 


17.54 


57.30 


17.79 


67.22 


18.04 


67.14 


18.29 


60 


61 i 58.33 


17.83 


58.26 


18.09 


58.18 


18.34 


^.10 


18.60 


61 


62 


59.29 


18.13 


59.21 


18.38 


59.13 


18.64 


59.05 


18.90 


62 


63 


60.25 


18.42 


60.17 


18.68 


60.08 


18.94 


60.00 


19.21 


63 


64 


61.20 


18.71 


61.12 


18.96 


61.04 


19.26 


60.96 


19.61 


64 


65 


62.16 


19.00 


62.08 


19.28 


61.99 


19.65 


61.91 


19.82 


65 


66 


63.12 


19.90 


63.03 


19.57 


62.95 


19.86 


62.86 


20.12 


66 


67 


64.07 


19.59 


63.99 


19.87 


63.90 


20.15 


63.81 


20.43 


67 


63 


65.03 


19.88 


64.94 


SO. 16 


64.86 


20.45 


64.76 


20.73 


68 


69 


65.99 


20.17 


65.90 


20.46 


65.81 


20.75 


65.72 


21.04 


69 


70 


66.94 


20.47 


66.86 


20.76 


66.76 


21.05 


66.67 


21.34 


70 


71 


67.90 


20.76 


67.81 


21.05 


67.71 


21.36 


67.62 


21.66 


71 


72 


68.85 


21.05 


68.76 


21.35 


68.67 


21.66 


68.57 


21.95 


72 


73 


69.81 


21.34 


69.72 


21.65 


69.62 


21.95 


69.52 


22.26 


73 


74 


70.77 


21.64 


70.67 


21.94 


70.68 


22.25 


70.48 


22.66 


74 


75 


71.72 


21.93 


71.63 


22.24 


71.53 


22.66 


71.43 


22.86 


75 


76 


72.68 


22.22 


72.58 


S2.54 


72.48 


22.86 


72.38 


23.17 


76 


77 


73.64 


22.51 


73.54 


22.83 


73.44 


23.16 


73.33 


23.47 


77 


78 


74.59 


22.80 


74.49 


23.13 


74.39 


23.46 


74.29 


23.78 


78 


79 


75.55 


23.10 


75.45 


23.43 


75.34 


23.76 


75.24 


24.08 


79 


80 


76.50 


23.39 


76.40 


23.72 


76.30 


24.06 


76.19 


24.39 


80 


81 


77.46 


23.68 


77.36 


24.02 


77.25 


34.36 


77.14 


24.69 


81 
82 


82 


78.42 


23.97 


78.31 


24.32 


78.20 


24.66 


78.10 


35.00 


83 


79-37 


24.27 


79.27 


24.61 


79.16 


25.96 


79.05 


25.30 


83 


84 


80.33 


24.56 


80.22 


24.91 


80.11 


25.26 


80.00 


25.61 


84 


85 


81.29 


24.85 


81.18 


25.21 


81.07 


25.56 


80.95 


25.91 


85 


86 


82.24 


25.14 


82.13 


25.50 


82.02 


25.86 


81.91 


26.22 


86 


87 


83.20 


25.44 


83.09 


25.80 


82.97 


26.16 


82.86 


26.62 


87 


88 


84.15 


25.73 


84.04 


26.10 


83.93 


26.46 


83.81 


26.83 


88 


89 


85.11 


26.02 


85.00 


26.39 


1 84.88 


?6.76 


84.76 


27.13 


89 


90 


86.07 


26.31 


85.95 


26.69 


85.83 


27.06 


85.72 


27.44 


90 


91 


87.02 


26.61 


86.91 


26.99 


: 86.79 


27.36 


86.67 


27.74 


91 


92 


87.98 


26.90 


87.86 


27.28 


87.74 


27.66 


87.62 


28.05 


92 


93 


88.94 


27.19 


88.82 


27.68 


88.70 


27.97 


88.67 


28.35 


93 


94 


89.89 


27.48 


89.77 


27.87 


89.65 


28.27 


89.53 


28.66 


94 


95 


90.85 


27.78 


90.73 


28.17 


90.60 


28.57 


90.48 


28.96 


95 


96 


91.81 


28.07 


91.68 


28.47 


91.56 


28.87 


91.43 


29.27 


96 


97 


9-2.76 


20.36 


92.64 


28.76 


92.51 


29.17 


92.38 


29.57 


97 


98 


93.72 


28.65 


93.59 


29.06 


93.46 


29.47 


93.33 


29.88 


98 


99 


94.67 


28.94 


94.55 


29.36 


94.42 


29.77 


94.29 


30.18 


99 
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95.63 


29.24 


95.60 


29.65 


95.37 


30.07 


95.24 
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« 
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1 


0.95 


0.31 


0.95 


0.31 


0.95 


0.32 


0.95 


0.32 


1 


2 


1.90 


0.62 


1.90 


0.63 


1.90 


0.63 


1.89 


0.64 


2 


3 


2.85 


0.93 


2.85 


0.94 


2.84 


0.95 


2.84 


0.96 


3 


4 


3.80 


1.24 


3.80 


1.25 


3.78 


1.27 


3.79 


1.29 


4 


5 


4.76 


1.55 


4.75 


1.57 


4.74 


1.59 


4.73 


1.61 


5 


6 


5.71 


1.85 


5.70 


1.88 


5.69 


1.90 


5.68 


1.93 


6 


7 


6.66 


2.16 


6.65 


2.19 


6.64 


2.22 


6.63 


2.25 


7 


8 


•7.61 


2.47 


7.60 


2.51 


7.59 


2.54 


7.58 


2.57 


8 


9 


8.56 


2.78 


8.55 


2.82 


8.53 


2.86 


8.52 


2.89 


9 


10 


9.51 


3.08 


9.50 


3.13 


9.48 


3.17 


9.47 


3.21 


10 


11 


10.46 


3.4Q 


10.45 


3.44 


10.43 


3.49 


10.42 


3.54 


11 


12 


11.41 


3.71 


11.40 


3.76 


11.38 


3.81 


11.36 


3.86 


12 


13 


12.36 


4.02 


12.35 


4.07 


12.33 


4.12 


12.31 


4.18 


13 


14 


13.31 


4.33 


13.30 


4.38 


13.28 


4.44 


13.26 


4.50 


14 


15 


14.27 


4.64 


14.25 


4.70 


14.22 


4.76 


14.20 


4.82 15 1 


16 


15.22 


4.94 


15.20 


5.01 


15.17 


5.08- 


15.15 


5.14 1 16 1 


17 


16.17 


5.25 


16.14 


5.32 


16.12 


5.39 


16.10 


5.46 


17 


18 


17.12 


5.56 


17.09 


5.64 


17.07 


5.71 


17.04 


5.79 


18 


19 


18.07 


5.87 


18.04 


5.95 


18.02 


6.03 


17.99 


6.11 


19 


20 


19.02 


6.18 


18.99 


6.26 


18.97 


6.35 


18.94 


6.43 


20 


21 


19.97 


6.49 


19.94 


6.58 


19.91 


6.66 


19.89 


6.75 


21 


22 


20.92 


6.80 


90.89 


6.89 


20.86 


6.98 


20.83 


7.07 


22 


23 


21.87 


7.11 


21.84 


7.20 


21.81 


7.30 


21.78 


7.39 


23 


24 


22.83 


7.42 


23.79 


7.52 


22.76 


X 7.62 


22.73 


7.71 


24 


25 


23.78 


7.73 


23.74 


7.83 


23.71 


7.93 


23.67 


8.04 


25 


26 


24.73 


8.03 


24.69 


8.14 


24.66 


8.25 


24.62 


8.36 


26 


27 


25.68 


8.34 


25.64 


8.46 


25.60 


8.57 


25.57 


8.68 


27 


28 


26.63 


8.65 


26.59 


8.77 


26.55 


8.88 


26.51 


9.00 


28 


29 


27.58 


8.96 


27.54 


9.08 


27.50 


9.20 


27.46 


9.32 


99 


30 
31 


28.53 


9.27 


28.49 


9.39 

1 


28.45 


9.52 


28.41 


9.64 


30 


29.48 


9.58 


29.44 


9.71 


29.40 


9.84 


29.35 


9.96 


31 


32 


30.43 


9.89 


30.39 


10.02 


30.35 


10.15 


30.30 


10.29 


32 


33 


31.38 


10.20 


31.34 


10.33 


31.29 


10.47 


31.25 


10.61 


33 


34 


32.34 


10.51 


32.29 


10.65 


32.24 


10.79 


32.20 


10.93 


34 


.35 


33.29 


10.82 


33.24 


10.96 


33.19 


11.11 


33.14 


11.25 


35 


36 


34.24 


11.12 


34.19 


11.27 


34.14 


11.42 


34.09 


11.57 


36 


37 


35.19 


11.43 


35.14 


11.59 


35.09 


il.74 


35.04 


11.89 


37 


38 


36.14 


11.74 


36.09 


11.90 


36.04 


12.06 


35.98 


12.21 


38 


39 


37.09 


12.05 


37.04 


12.21 


36.98 


12.37 


36.93 


12.54 


39 


40 


38.04 


12.36 


37.99 


12.53 


37.93 


12.69 


37.88 


12.86 


40 


41 


38.99 


12.67 


38.94 


12.84 


38.88 


13.01 


38.82 


13.18 


41 


42 


39.94 


12.98 


39.89 


13.15 


39.83 


13.33 


39.77 


13.50 


42 


43 


40.90 


13.29 


40.84 


13.47 


40.78 


13.64 


40.72 


13.82 


43 


44 


41.85 


13.60 


41.79 


13.78 


41.73 


13.96 


41.66 


14.14 


44 


45 


42.80 


13.91 


42.74 


14.09 


42.67 


14.28 


42.61 


14.46 


45 


46 


43.76 


14.21 


43.69 


14.41 


43.62 


14.60 


43.56 


14.79 


46 


47 


44.70 


14.52 


44.64 


14.72 


44.6r 


14.91 


44.51 


15.11 


47 


48 


45.65 


14.83 


45.59 


15.03 


45.52 


15.23 


45.45 


15.43 


48 


49 


46.60 


15.14 


46.54 


15.35 


46.47 


15.55 


46.40 


15.75 


48 


50 
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15.45 
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15.66 
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Dep. 


Lat. 
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48.50 


15.76 


48.43 


15.97 


48.36 


16.18 


48.39 


16.39 


61 


53 


49.45 


16.07 


49.38 


16.28 


49.31 


16.50 


48.34 


16.71 


62 


53 


50.41 


16.38 


50.33 


16.60 


50.36 


16.82 


50.19 


17.04 


53 


54 


51.36 


16.69 


51.28 


16.91 


51.3n 


17.13 


51.13 


17.36 


64 


55 


52.31 


17.00 


52.23 


17.22 


52.16 


17.45 


53.08 


17.68 


55 


56 


53.26 


17.30 


53.18 


17.54 


53.11 


17.77 


53.03 


18.00 


56 


67 


54.21 


17.61 


54.13 


17.85 


54.05 


18.09 


63.98 


18.32 


67 


58 


55.16 


17.92 


55.08 


18.16 


55.00 


18.40 


54.93 


18.64 


68 


59 


56.11 


18.23 


56.03 


18.48 


55.95 


18.72 


55.87 


18.96 


69 


60 


57.06 


18.54 


56.98 


18.79 


56*90 


19.04 


56.83 


19.29 


60 
61 


61 


58.01 


18.85 


57.93 


19.10 


57.85 


19.36 


57.76 


19.61 


62 


58.97 


19.16 


58.88 


19.42 


58.80 


19.67 


58.71 


19.93 


62 


63 


59.92 


19.47 


59.83 


19.73 


59.74 


19.99 


59.66 


30.25 


63 


64 


60.87 


19.78 


60.78 


80.04 


60.69 


20.31 


60.60 


20.57 


64 


65 


61.82 


20.09 


61.73 


20.36 


61.64 


30.62 


61.65 


30.89 


65 


66 


62-77 


20.40 


62.68 


20.67 


63.59 


30.94 


62.60 


31.33 


66 


67 


63.72 


20.70 


63.63 


30.98 


63.54 


21.26 


63.44 


31.54 


67 


68 


64.67 


21.01 


64.58 


31.30 


64.49 


21.58 


64.39 


31.86 


68 


69 


65.62 


21.32 


65.53 


21.61 


65.43 


21.89 


65.34 


33.18 


69 


70 


66.57 


21.63 


66.48 


21.92 


66.38 


22.21 


66.39 


32.60 


70 


71 


67.53 


21.94 


67.43 


22.33 


67.33 


22.53 


67.23 


33.82 


71 


72 


68.48 


22.25 


68.38 


22.55 


68.28 


22.85 


68.18 


33.14 


72 


73 


69.43 


22.56 


68.33 


22.86 


69.23 


23.16 


69.13 


33.47 


73- 


74 


70.38 


32.87 


70.28 


23.17 


70.18 


23.48 


70.07 


23.79 


74 


75 


71.33 


23.18 


71.23 


23.49 


71.12 


23.80 


71.03 


34.11 


75 


76 


72.28 


23.49 


72.18 


23.80 


72.07 


24.12 


71.97 


34.43 


76 


77 


73.23 


23.79 


73.13 


24.11 


73.02 


24.43 


73.91 


34.75 


77 


78 


74.18 


34.10 


74.08 


24.43 


73.97 


24.75 


73.86 
74.81 

75.75 


35.07 


78 


79 


75.13 


24.41 


75.03 


24.74 


74.92 


25.07 


35.39 


79 


80 


76.08 


34.72 


75.98 


25.05 


75.87 


25.38 


35.72 


80 
81 


81 


77.04 


25.08 


76.93 


25.37 


76.81 


25.70 


76.70 


26.04 


83 


77.93 


25.34 


77.88 


35.68 


77.76 


26.02 


77.65 


26.36 


82 


83 


♦78.94 


35.65 


78.83 


25.99 


78.71 


26.34 


78.60 


26.68 


83 


84 


79.89 


35.96 


79.77 


26.31 


79.66 


26.65 


79.54 


27.00 


84 


85 


80.84 


26.27 


80.72 


26.62 


80.61 


26.97 


80.49 


37.32. 


85 


86 


81.79 


26.58 


81.67 


26.93 


81.56 


27.29 


81.44 


27.64 


86 


87 


82.74 


26.88 


82.62 


37.35 


82.50 


^.61 


83.38 


27.97 


87 


88 


83.69 


37.19 


83.57 


37.56 


83.45 


27.92 


83.33 


38.39 


88 


89 


84.64 


37.50 


84.52 


37.87 


84.40 


28.24 


84.28 


38.61 


89 


90 


85.60 


37.81 


85.47 


38.18 


85.35 


28.56 


85.22 


28.93 


90 


91 


86.55 


38.12 


86.42 


38.50 


86.30 


28.87 


86.17 


39.^ 


91 


93 


87.50 


28.43 


87.37 


28.81 


87.25 


29.19 


87.12 


39.57 


92 


93 


88.45 


28.74 


88.32 


39.12 


88.19 


29.51 


88.06 


39.89 


93 


94 


89.40 


29.05 


89.27 


39.44 


89.14 


29.83 


89.01 


30.32 


94 


95 


90.35 


29.36 


90.22 


39.75 


904)9 


30.14 


89.96 


30.54 


95 


96 
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29.67 


91.17 
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91.04 


30.46 


90.91 


30.86 


96 


97 


92.25 


29.97 


92.12 


30.38 


91.99 


30.78 


91.85 


3U18 


97 


98 


93.20 


30.28 


93.07 


30.69 


92.94 


31.10 


92.80 


31.50 


98 


99 


94.15 


30.59 


94.02 


31.00 


93.88 


31.41 


93.75 


31.82 


99 
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^4.97 


31.32 


94.83 


31.73 


94.69 


33.14 
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0.95 


0.31 


0.95 


0.31 


0.95 


0.32 


0.95 


0.32 


1 


2 


1.90 


0.62 


1.90 


0.63 


1.90 


0.63 


1.89 


0.04 


2 


3 


2.85 


0.03 


2.85 


0.94 


2.84 


0.95 


2.84 


0.96 


3 


4 


3.80 


1.24 


3.80 


1.25 


3.78 


1.27 


3.79 


1.29 


4 


6 


4.76 


1.55 


4.75 


1.57 


4.74- 


1.59 


4.73 


1.61 


5 


6 


5.71 


1.85 


5.70 


1.88 


5.69 


1.90 


5.68 


1.93 


6 


7 


6.66 


2.16 


6.65 


2.19 


6.64 


2.22 


6.63 


2.25 


7 


8 


•7.61 


2.47 


7.60 


2.51 


7.59 


2.54 


7.58 


2.57 


8 


9 


8.56 


2.78 


8.55 


2.82 


8.53 


2.86 


8.52 


2.89 


9 


10 


9.51 


3.09 


8.50 


3.13 


9.48 


3.17 


9.47 


3.21 


10 


n 


10.46 


3.4Q 


10.45 


3.44 


10.43 


3.49 


10.42 


3.54 


11 


IS 


11.41 


3.71 


11.40 


3.76 


11.38 


3.81 


11.36 


3.86 


12 


13 


12.36 


4.02 


12.35 


4.07 


12.33 


4.12 


12.31 


4.18 


13 


14 


13.31 


4.33 


13.30 


4.38 


13.28 


4.44 


13.26 


4.50 


14 


15 


14.27 


4.64 


14.25 


4.70 


14.22 


4.76 


14.20 


4.82 


15 


16 


15.22 


4.94 


15.20 


5.01 


15.17 


5.0a 


15.15 


5.14 


16 


17 


16.17 


5.25 


16.14 


5.32 


16.12 


5.39 


16.10 


5.46 


17 


18 


17.12 


5.56 


17.09 


5.64 


17.07 


5.71 


17.04 


5.79 


18 


19 


18.07 


5.87 


18.04 


5.95 


18.02 


6.03 


17.99 


6.11 


19 


SO 
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6.18 


18.09 


6.26 


18.97 


6.35 


18.94 


6.43 


20 


31 


19.97 


6.48 


19.94 


6.58 


19.91 


6.66 


19.89 


6.75 


21 


SC 


20.92 


6.80 


20.89 


6.89 


20.86 


6.98 


20.83 


7.07 


22 


23 


21.87 


7.11 


21.84 


7.20 


21.81 


7.30 


21.78 


7.39 


23 


24 


22.83 


7.42 


22.79 


7.52 


22.76 


. 7.62 


22.73 


7.71 


24 


25 


23.78 


7.73 


23.74 


7.83 


23.71 


7.93 


23.67 


8.04 


25 


26 


24.73 


8.03 


24.69 


8.14 


24.66 


8.25 


24.62 


8.36 


26 


27 


25.68 


8.34 


25.64 


8.46 


25.60 


8.57 


25.57 


8.68 


27 


28 


26.63 


8.65 


26.59 


8.77 


26.55 


8.88 


26.51 


9.00 


28 


29 


27.58 


8.96 


27.54 


9.08 


27.50 


9.20 


27.46 


9.32 


29 


90 


28.53 


9.27 


28.49 


9.39 

1 


28.45 


9.52 


28.41 


9.64 


30 


31 


29.48 


9.58 


29.44 


9.71 


29.40 


9.84 


29.35 


9.96 


31 


32 


90.43 


9.89 


30.39 


10.02 


30.35 


10.15 


30.30 


10.29 


32 


33 


31.38 


10.20 


31.34 


10.33 


31.29 


10.47 


31.25 


10.61 


33 


34 


32.34 


10.51 


32.29 


10.65 


32.24 


10.79 


32.20 


10.93 


34 


35 


33.29 


10.82 


33.24 


10.96 


33.19 


11.11 


33.14 


11.25 


35 


36 


34.24 


11.12 


34.19 


11.27 


34.14 


11.42 


34.09 


11.57 


36 


37 


35.19 


11.43 


35.14 


11.59 


35.09 


il.74 


35.04 


11.89 


37 


38 


36.14 


11.74 


36.09 


11.90 


36.04 


12.06 


35.98 


12.21 


:w 


39 


37.09 


12.05 


37.04 


12.21 


36.98 


12.37 


36.93 


12.54 


39 


40 


38.04 


12.36 


37.99 


12.53 


37.93 


12.69 


37.88 


12.86 


40 


41 


38.99 


12.67 


38.94 


12.84 


38.88 


13.01 


38.82 


13.18 


41 


42 


39.J94 


12.98 


39.89 


13.15 


39.83 


13.33 


39.77 


13.50 


42 


43 


40.90 


13.29 


40.84 


13.47 


40.78 


13.64 


40.72 


13.82 


43 


44 


41.85 


13.60 


41.79 


13.78 


41.73 


13.96 


41.66 


14.14 


44 


45 


42.80 


13.91 


42.74 


14.09 


42.67 


14.28 


42.61 


14.46 


45 


46 


43.75 


14.21 


43.69 


14.41 


43.62 


14.60 


43.56 


14.79 


46 


47 


44.70 


14.52 


44.64 


14.72 


44.57 


14.91 


44.51 


15.11 


47 


48 


45.65 


14.83 


45.59 


15.03 


45.52 


15.23 


45.45 


15.43 


48 


49 


46.60 


15.14 


46.54 


15.35 


46.47 


15.55 


46.40 


15.75 


49 


50 


47.55 


15.45 


47.48 


15.66 


47.42 


15.87 


47.35 


16.07 


50 


o 

a 


Dep. 1 


Lat 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


. 


72 1 


)eS. 


711 : 


Deg. 


7liDeff. j 


71* ; 


Dei;. 


1 



TRATERSE TABLE. 



39 



m^^ 






^^^^ 






/ 


_^.^^. 




m^m 


• 

51 


18Dtg. 


18il>^. 


ISiDag. 


181 Dcg. 




Lat 


Dep. 


Lat. 


Dap. 


Lat. 


Dap. 


Lat. 


Dap. 


48.50 


15.76 


48.43 


15.97 


48.36 


16.18 


48.29 


16.39 


51 


52 


49.45 


16.07 


49.38 


16.28 


49.31 


16.60 


49.24 


16.71 


62 


53 


50.41 


16.38 


50.33 


16.60 


50.26 


16.82 


50.19 


17.04 


53 


54 


51.36 


16.69 


51.28 


16.91 


51.21 1 


17.13 


51.13 


17.36 


54 


55 


52.31 


17.00 


52.23 


17.22 


52.16 


17.45 


52.08 


17.68 


55 


56 


53.26 


17.30 


53.18 


17.54 


53.11 


17.77 


53.03 


18.00 


56 


57 


54.21 


17.61 


64.13 


17.85 


54.05 


18.09 


63.98 


18.32 


67 


58 


55.16 


17.92 


55.08 


18.16 


55.00 


18.40 


64.92 


18.64 


68 


59 


56.11 


18.23 


56.03 


18.48 


55.95 


18.72 


55.87 


18.96 


69 


60 


57.06 


18.54 


56.98 


18.79 


56.90 


19.04 


56.82 


18.29 


60 
61 


61 


58.01 


18.85 


57.93 


19.10 


57.85 


19.36 


57.76 


19.61 


63 


58.97 


19.16 


58.88 


19.42 


58.80 


19.67 


58.71 


19.93 


62 


63 


59.92 


19.47 


59.83 


19.73 


59.74 


19.99 


59.66 


90.25 


63 


64 


60.87 


19.78 


60.78 


20.04 


60.69 


20.31 


60.60 


90.57 


64 


65 


61.82 


20.09 


61.73 


20.36 


61.64 


20.62 


61.55 


20.89 


65 


66 


62.77 


20.40 


62.68 


20.67 


62.59 


20.94 


62.60 


21.22 


66 


67 


63.72 


20.70 


69.63 


20.98 


63.54 


21.26 


63.44 


21.54 


67 


68 


64.67 


21.01 


64.58 


21.30 


64.49 


21.58 


64.39 


21.86 


68 


69 


65.62 


21.32 


65.53 


21.61 


65.43 


21.89 


65.34 
66.29 


22.18 


69 


70 


66.57 


21.63 


66.48 


21.92 


66.38 


22.21 


22.50 


70 


71 


67.53 


21.94 


67.43 


22.23 


67.33 


22.53 


67.23 


22.82 


71 


72 


68.48 


22.25 


68.38 


22.55 


68.28 


22.85 


68.18 
69.13 


23.14 


72 


73 


69.43 


22.56 


69.33 


22.86 


69.23 


23.16 


23.47 


73 > 


74 


70.38 


22.87 


70.28 


23.17 


70.18 


23.48 


70.07 


23.79 


74 


75 


71.33 


23.18 


71.23 


23.49 


71.12 


23.80 


71.02 


24.11 


75 


76 


72.28 


23.49 


72.18 


23.80 


72.07 


24.12 


71.97 


24.43 


76 


77 


73.23 


23.79 


73.13 


24.11 


73.02 


24.43 


72.91 


24.75 


77 


78 


74.18 


24.^0 


74.08 


24.43 


73.97 


24.75 


73.86 
74.81 
75.75 


25.07 


78 


79 


75.13 


24.41 


75.03 


24.74 


74.92 


25.07 


25.39 


79 


80 


76.08 


24.72 


75.98 


25.05 


75.87 


25.38 


25.72 


80 


81 


77.04 


25.03 


76.93 


25.37 


76.81 


25.70 


76.70 


26.04 


81 


8S 


77.93 


25.34 


77.88 


25.68 


77.76 


26.02 


77.65 


26.36 


82 


83 


,78.94 


25.65 


78.83 


25.99 


78.71 


26.34 


78.60 


26.68 


83 


84 


79.89 


25.96 


79.77 


26.31 


79.66 


26.65 


79.54 


27.00 


84 


85 


80.84 


26.27 


80.72 


26.62 


80.61 


26.97 
27.29 


80.49 


27.32. 


85 


86 


81.79 


26.58 


81.67 


26.93 


81.56 


81.44 


27.64 


86 


87 


82.74 


26.88 


82.62 


27.25 


82.50 


^.61 


82.38 


27.97 


87 


88 


83.60 


27.19 


83.57 


27.56 


83.45 


27.82 


83.33 


28.29 


88 


89 


84.64 


27.50 


84.52 


27.87 


84.40 


28.24 


84.28 


28.61 


89 


90 


85.60 


27.81 


85.47 


28.18 


85.35 


28.56 


85.22 


28.93 


90 


91 


86.55 


28.12 


86.42 


28.50 


86.30 


28.87 


86.17 


29.^ 


91 


92 


87.50 


28.43 


87.37 


28.81 


87.25 


29.19 


87.12 


29.57 


92 


93 


88.45 


28.74 


88.32 


29.12 


88.19 


29.51 


88.06 


29.89 


93 


94 


89.40 


29.05 


89.27 


29.44 


89.14 


29.83 


89.01 


30.22 


94 


95 


90.35 


29.36 


90.22 


29.75 


904)9 


30.14 


89.96 


30.54 


95 


96 


91.30 


29.67 


91.17 


,30.06 


91.04 


30.46 


90.91 


30.86 


96 


97 


92.25 


29.97 


92.12 


30.38 


91.99 


30.78 


91.85 


31^18 


97 


98 


93.20 


30.28 


93.07 


30.69 


92.94 


31.10 


92.80 


31.50 


98 


99 


94.15 


30.59 


94.02 


31.00 


93.88 


31.41 


93.75 


31.82 


99 


100 


95.11 


30.90 


^.97 


31.32 


94.83 


31.73 


94.69 


32.14 


100 


• 

s 


Dep. 


Lat 


Bap. 


Lat. 


Dep. 


Lat. 


Dap. 


Lat 


8 


7SD«f. 


m 


D«f. 


71) Dair- 


7U 


On- 



i 



22 



TRAVERSE TABLE. 



• 

1 


101>e;. 


lOJDeir. 


101 Def. 


10} De;. 


s 

1 

8 

• 




Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


0.98 


0.17 


0.98 


0.18 


0.98 


0.18 


0.98 


0.19 


I 




2 


1.97 


0.35 


1.97 


0.36 


1.97 


0.36 


1.96 


0.37 


2 




3 


2.95 


0.52 


2.95 


0.53 


2.95 


0.55 


2.95 


0.56 


3 




4 


3.94 


0.69 


3.94 


0.71 


3.93 


0.73 


3.93 


0.75 


4 




5 


4.92 


0.87 


4.92 


0.89 


4.92 


0.91 


4.91 


0.93 


5 




6 


5.91 


1.04 


5.90 


1.07 


5.90 


1.09 


5.89 


I.IS 


6 




7 


6.89 


1.22 


6.89 


1.25 


6.88 


1.28 


6.88 


1.31 


7 




8 


7.88 


1.39 


7.87 


1.42 


7.87 


1.46 


7.86 


1.49 


8 




9 


8.86 


1.56 


8.86 


1.60 


8.85 


1.64 


8.84 


1.68 


9 




10 
11 


9.85 


1.74 


9.84 


1.78 


9.83 


1.82 

1 


».82 


1.87 


10 




10.83 


1.91 


10.82 


1.96 


10.82 


2.00 


10.81 


2.05 


11 


12 


11.82 


2.08 


11.81 


2.14 


11.80 


2.19 


11.79 


2.f4 


12 




13 


12.80 


2.26 


12.79 


2.31 


12.78 


2.37 


12.77 


2.4S 


13 




14 


13.79 


2.43 


13.78 


2.49 


13.77 


2.55 


13.75 


2.61 


14 




15 


14.77 


2.60 


14.76 


2.67 


14.75 


2.73 


14.74 


2.80 


15 




16 


15.76 


2.78 


15.74 


2.85 


15.73 


2.92 


15.72 


2.98 


16 




17 


16.74 


2.95 


16.73 


3.03 


16.72 


3.10 


16.70 


3.17 


17 




18 


17.73 


3.13 


17.71 


3.20 


17.70 


3.28 


17.68 


3.36 


18 




19 


18.71 


3.30 


18.70 


3.38 


18.68 


3.46 


18.67 


3.54 


19 




20 


19.70 


3.47 


19.68 


3.56 


19.67 


3.64 


19.66 


3.73 


20 




21 


20.68 


3.65 


20.66 


3.74 


20.65 


3.83 


20.63 


3.92 


21 




22 


21.67 


3.82 


21.65 


3.91 


21.63 


4.01 


21.61 


4.10 


22 




23 


22.65 


3.99 


22.63 


4.09 


22.61 


4.19 


22.60 


4.29 


23 




24 


23.64 


4.17 


23.62 


4.27 


23.60 


4.37 


23.58 


4.48 


24 




25 


24.62 


4.34 


24.60 


4.45 


24.58 


4.56 


24.66 


4.66 


25 




26 


25.61 


4.51 


25.59 


4.63 


25.56 


4.74 


25.54 


4.85 


26 




27 


26.59 


4.69 


26.57 


4.80 


26,55 


4.92 


26.53 


6.04 


27 




28 


27.67 


4.86 


27.65 


4.98 


27.53 


5.10 


27.51 


5.2r 


28 




29 


28.56 


5.04 


28.54 


5.16 


28.51 


5.28 


28.49 


5.41 


29 




30 


29.54 


5.21 


29.52 


5.34 


29.50 


5.47 


29.47 


5.60 


30 




31 


30.53 


5.38 


30.51 


5.52 


30.48 


5.65 


30.46 


5.78 


31 




32 


31.51 


5.56 


31.49 


5.69 


31.46 


6.83 


31.44 


5.97 


33 


33 


32.50 


6.73 


32.47 


5.87 


32.45 


6.01 


32.42 


6.16 


33 


34 


33.48 


6.90 


33.46 


6.05 


33.43 


6.20 


33.40 


6.34 


34 


35 


34.47 


6.08 


34.44 


6.23 


34.41 


6.38 


34.39 


6.53 


35 


36 


35.45 


6.25 


35.43 


6.41 


35.40 


6.56 


35.37 


6.71 


36 


37 


36.44 


6.42 


36.41 


6.58 


36.38 


6.74 


36.35 


6.90 


37 


38 


37.42 


6.60 


37.39 


6.76 


37.36 


6.92 


37.33 


7.09 


38 


39 


38.41 


6.77 


38.38 


6.94 


38.35 


7.11 


38.32 


7.27 


39 


40 


39.39 


6.95 


39.36 


7.12 


39.33 


7.29 


39.30 


7.46 


40 




41 


40.38 


7.12 


40.35 


7.30 


40.31 


7.47 


40.28 


7.65 


41 


42 


41.36 


7.29 


41.33 


7.47 


41.30 


7.65 


41.26 


7.83 


42 1 


43 


42.35 


7.47 


42.31 


7.65 


42.28 


7.84 


42.25 


8.02 


43 




44 


43.33 


7.64 


43.30 


7.83 


43.26 


8.02 


43.23 


8.21 


44 




45 


44.32 


7.81 


44.28 


8.01 


44.25 


8.20 


44.21 


8.39 


45 




46 


45.30 


7.99 


45.27 


8.19 


45.23 


8.38 


45.19 


8.58 


46 




47 


46.29 


8.16 


46.25 


8.36 


46.21 


8.57 


46.18 


8.77 


47 




48 


47.27 


8.34 


47.23 


8.54 


47.20 


8.75 


47.16 


8.95 


48 




49 


48.26 


8.51 


48.22 


8.72 


48.18 


8.93 


48.14 


9 14 


49 




50 

• 


49.24 


8.68 


49.20 


8.90 


49.16 


9.11 


49.12 


9.33 


50 




Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 






801 


3«ff. 


79} 


Deg. 


791 


De;. 


79}De|r* 


• 



TRAVERSE TABLE. 



23 



• 

51 


lODeff. 


lOi Dag. 


lOi Dag. 


10} Desr* 


• 


Lat 


Dap. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


50.23 


8.86 


50.19 


9.08 


50.15 


9.29 


50.10 


9.51 


51 


5S 


51.21 


9.03 


51.17 


9.25 


51.13 


9.48 


51.09 


9.70 


52 


53 


52.19 


9.20 


52.15 


9.43 


52.11 


9.66 


52.07 


9.89 


53 


54 


53.18 


9.38 


53.14 


9.61 


53.10 


9.84 


53.05 


10.07 


54 


55 


54.16 


9.55 


54.12 


9.79 


54.08 


10.02 


54.03 


10.26 


55 


56 


55.15 


9.72 


55.11 


9.96 


55.06 


10.21 


55.02 


10.45 


56 


57 


56.13 


9.90 


56.09 


10.14 


56.05 


10.39 


56.00 


10.63 


57 


58 


57.12 


10.07 


57.07 


10.32 


57.03 


10.57 


56.98 


10.82 


58 


59 


58.10 


10.25 


58.06 


10.50 


58.01 


10.75 


57.96 


11.00 


59 


60 


59.09 


10.42 


59.04 


10.68 


59.00 


10.93 


58.85 


11.19 


60 


61 


60.07 


10.59 


60.03 


J0.85 


59.98 


11.12 


59.93 


11.38 


61 


63 


61.06 


10.77 


61.01 


11.03 


60.96 


11.30 


60.91 


11.56 


62 


63 


62.04 


10.94 


61.99 


11.21 


61.95 


11.48 


61.89 


11.75 


63 


64 


63.03 


11.11 


62.98 


11.39 


62.93 


11.66 


62.88 


11.94 


64 


65 


64.01 


11.29 


63.96 


11.57 


63.91 


11.85 


63.86 


12.12 


65 


66 


65.00 


11.46 


64.95 


11.74 


64.89 


12.03 


64184 


12.31 


66 


67 


65.98 


11.63 


65.93 


11.92 


65.88 


12.21 


65.82 


12.50 


67 


68 


66.97 


11.81 


66.91 


12.10 


66.86 


12.39 


66.81 


12.68 


68 


69 


67.95 


11.98 


67.90 


12.28 


67.84 


12.57 


67.79. 


12.87 


69 


70 


68.94 


12.16 


68.88 


12.46 


68.83 


12.76 


68.77 


13.06 


70 


71 


69.92 


12.33 


69.87 


12.63 


69.81 


12.94 


69.75 


13.24 


71 


7t 


70.91 


12.50 


70.85 


12.81 


70.79 


13.12 


70.74 


13.43 


72 


73 


71.89 


12.68 


71.83 


12.99 


71.78 


13.30 


71.72 


13.62 


73 


74 


72.88 


12.85 


72.82 


13.17 


72.76 


13.49 


72.70 


13.80 


74 


75 


73.86 


13.02 


73.80 


13.35 


73.74 


13.67 


73.68 


13.99 


75 


76 


74.85 


13.20 


74.79 


13.52 


74.73 


13.85 


74.67 


14.18 


76 


77 


75.83 


13.37 


75.77 


13.70 


75.71 


14.03 


75.65 


14.36 


77 


78 


76.82 


13.54 


76.76 


13.88 


76.69 


14.21 


76.63 


14.55 


78 


79 


77.80 


13.72 


77.74 


14.06 


77.68 


14.40 


77.61 


14.74 


79 


80 


78.78 


13.89 


78.72 


14.24 


78.66 


14.58 


78.60 


14.92 


80 


81 


79.77 


14.07 


79.71 


14.41 


79.64 


14.76 


79.58 


15.11 


81 


8S 


80.75 


14.24 


80.69 


14.59 


80.63 


14.94 


80.56 


16.29 


82 


83 


81.74 


14.41 


81.68 


14.77 


81.61 


15.13 


81.64 


15.48 


83 


84 


82.72 


14.59 


82.66 


14.95 


82.59 


15.31 


82.53 


15.67 


84 


85 


83.7i 


14.76 


83.64 


15.13 


83.58 


15.49 


83.51 


15.85 


a5 


86 


84.69 


14.93 


84.63 


15.30 


84.56 


15.67 


84.49 


16.04 


86 


87 


85.68 


15.11 


85.61 


15.48 


85.54 


15.85 


85.47 


16.23 


87 


88 


86.66 


15.28 


86.60 


15.66 


86.53 


16.04 


86.46 


16.41 


88 


89 


87.65 


15.45 


87.58 


15.84 


87.51 


16.22 


87.44 


16.60 


89 


90 


88.63 


15.63 


88.56 


16.01 


88.49 


16.40 


88.42 


16.79 


90 

91 


91 


89.62 


15.80 


89.55 


16.19a 


89.48 


16.58 


89.40 


19.97 


9S 


90.60 


15.98 


90.53 


16.37 


90.46 


16.77 


90.39 


17.16 


92 


93 


91.59 


16. IS' 


91.. 52 


16.55 


91.44 


16.95 


91.37 


17.36 


93 


94 


92.57 


16.32 


92.50 


16.73 


92.43 


17.13 


92.35 


17.53 


94 


95 


93.56 


16.50 


93.48 


16.90 


93.41 


17.31 


93.33 


17.72 


95 


96 


94.54 


16.67 


94.47 


17.08 


94.39 


17.49 


94.32 


17.91 


96 


97 


95.53 


16.84 


95.45 


17.26 


95.38 


17.68 


95.30 


18.09 


97 


98 


96.51 


17.02 


96.44 


17.44 


96.36 


17.86 


96.28 


18.28 


98 


99 


97.50 


17.19 


97.42 


17.62 


97.34 


18.04 


97.26 


18.47 


99 


100 


98.48 


17.36 


98.40 


ir.79 


98.33 


18.22 


98.25 


18.66 


lUO 


•^3 


Dep. 


Lai. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


. 


80] 


D*f. 


79} 


De|^. 


79} 


Dtg. 


79} 


Df. 



42 






TR. 


/VVERS 


E TAB 


LE. 








3 

• 

1 


90Dfl?. 


90) D^. 


90)Deg. 


90)De|r* 


r 

D 

S 

• 


Lat. 1 Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


^ Dep. 


0.94 


0.34 


0.94 


0.35 


0.94 


0.35 


0.94 


0.35 


1 


s 


1.88 


0.68 


1.88 


0.69 


1.87 


0.70 


1.87 


0.71 


9 


3 


9.8^ 


1.03 


9.81 


1.04 


2.81 


1.05 


9.81 


1.06 


3 


4 


3.76 


1.37 


3.75 


1.38 


3.75 


1.40 


3.74 


1.42 


4 


5 


4.70 


1.71 


4.69 


1.73 


4.68 


1.75 


4.68 


1.77 


5 


6 


5.64 


9.05 


5.63 


2.08 I 


5.62 


2.10 


5.61 


9.13 


6 


•• 


6.58 


9.39 


6.57 


2.42 


6.56 


9.45 


6.55 


9.48 


7 


8 


7.59 


9.74 


7.51 


2.77 


7.49 


9.80 


7.48 


9.83 


8 


9 


8.46 


3.08 


8.44 


3.12 


8.43 


3.15 


8.49 


3.19 


9 


iO 


9.40 


3.49 


9.38 


3.46 


9.37 


3.50 


9.35 


3.54 


10 


11 


10.34 


3.76 


10.39 


3.81 


10.30 


3.85 


10.99 


3.90 


11 


12 


11.98 


4.10 


11.96 


4.15 


11.94 


4.90 


11.92 


4.25 


19 


13 


19.99 


4.Ah 


19.90 


4.50 


19.18 


4.55 


19.16 


4.61 


13 


14 


13.16 


^4.79 


13.13 


4.85 


13.11 


4.90 


13.09 
14.03 
14.96 


4.96 


14 


15 


14.10 


5.13 


14.07 


5.19 


14.05 


5.95 


5.31 


15 


16 


15.04 


5.47 


15.01 


5.54 


14.99 


5.60 


6.67 


16 


17 


15.97 


5.81 


15.95 


5.88 


15.99 


6.95 


15.90 


6.09 


17 


18 


16.91 


6.16 


16.89 


6.23 


16.86 


6.30 


16.83 


6.38 


18 


19 


17.85 


6.50 


17.83 


6.58 


17.80 


6.65 


17.77 


6.73 


19 


90 


18.79 


6.84 


18.76 


6.99 


18.73 


7.00 


18.70 


7.09 


90 


2i 


19.73 


7.18 


19.70 


7.97 


19.67 


7.35 


19.64 


7.44 


91 


92 


90.67 


7.59 


20.64 


7.61 


90.61 


7.70 


20.57 


7.79 


92 


93 


91.61 


7.87 


91.58 


7.96 


91.54 


8.05 


21.51 


8.15 


93 


94 


22.55 


8.91 


•99.62 


8.31 


99.48 


8.40 


22.44 


8.50 


94 


95 


93.49 


8.55 


23.45 


8.65 


93.42 


8.76 


23.38 


8.86 


95 


96 


94.43 


8.89 


24.39 


9.00 


94.35 


9.11 


94.31 


9.91 


96 


97 


25.37 


9.93 


25.33 


9.35 


95.29 


9.46 


95.95 


9.57 


97 


98 


96.31 


9.58 


26.27 


9.69 


26.23 


9.81 


96.18 


9.99 


98 


99 


97.95 


9.99 


27.91 


10.04 


27.16 


10.16 


27.19 


10.27 


99 


90 


98.18 


10.96 


28.15 


10.38 


28.10 


10.51 


98.05 


10.63 


30 


31 


99.13 


10.60 


29.08 


10.73 


29.04 


10.86 


98.99 


10.98 


31 


39 


30.07 


10.94 


30.02 


11.08 


29.97 


11.91 


99.99 


11.34 


39 


33 


31.01 


11.99 


30.96 


11.49 


30.91 


11.56 


30.86 


11.69 


,*B 


34 


31.95 


11.63 


31.90 


11.77 


31.85 


11.91 


31.79 


19.05 


34 


35 


39.89 


11.97 


32.84 


19.11 


39.78 


19.26 


39.73 


19.40 


35 


35 


33.83 


19.31 


33.77 


12.46 


33.79 


19.61 


33.66 


19.75 


36 


37 


34.77 


19.65 


34.71 


12.81 


34.66 


19.96 


34.60 


13.11 


37 


38 


35.71 


13.00 


35.65 


13.15 


35.59 


13.31 


35.54 


13.46 


38 


39 


36.66 


13.34 


36.59 


13.50 


36.53 


13.66 


36.47 


13.89 


39 


40 


37.59 


13.68 


37.53 


13.84 


37.47 


14.01 


37.41 


14.17 


40 


41 


38.53 


14.09 


38.47 


14.19 


38.40 


14.36 


38.34 


14.53 


41 


49 


39.47 


14.36 


39.40 


14.54 


39.34 


14.71 


39.98 


14.86 


42 


43 


40.41 


14.71 


40.34 


14.88 


40.98 


15.06 


40.91 


15.93 


43 


44 


41^.35 


15.05 


41.28 


15.23 


41.21 


J5.41 


41.15 


15.59 


44 


45 


49.99 


15.39 


42.22 


15.58 


49.15 


15.76 


49.08 


15.94 


4& 


46 


43.93 


15.73 


43.16 


15.99 


43.09 


16.11 


43.09 


16.30 


46 


47 


44.17 


16.07 


44.09 


16.27 


44.02 


16.46 


43.95 


16.65 


47 


48 


45.11 


16.49 


45.03 


16.61. 


44.96 


16.81 


44.89 


17.01 


48 


49 


46.04 


16.76 


45.97 


16.96 


45.90 


17.16 


45.89 


17.36 


49 


50 

• 

• 
p 
a 




46.98 


17.10 


46.91 


17.31 


46.83 


17.51 


46.76 


17.71 


50 
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Lat. 


Dep. 


Lat. 1 


Dep.- 


Lat. 


Dep. 


Lat. 
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Q 
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Distance. 


90 Dep. 


1 204 Dey. 


«0i Deg. 


aOfDeg. 


q 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


S 

• 


51 


47.92 


17.44 


47.85 


17.65 


47.77 


17.86 


47.69 


18.07 


51 


62 


48.86 


17.79 


48.79 


18.00 


48.71 


18.21 


48.63 


18.42 


52 


53 


49.80 


18.13 


49.72 


18.34 


49.64 


18.56 


49.56 


18.78 


53 


54 


50.74 


18.47 


50.66 


18.69 


50.58 


18.91 


50.50 


19.13 


54 


55 


51.68 


18.81 


51.60 


19.04 


51.52 


19.26 


51.43 


19.49 


55 


56 


52.62 


19.15 


52.54 


19.38 


52.45 


19.61 


52.37 


19.84 


56 


57 


53.56 


19.50 


53.48 


19.73 


53.39 


19.96 


53.30 


20.19 


67 


58 


54.50 


19.84 


54.42 


20.07 


54.33 


20.31 


54.24 


20.55 


58 


53 


55.44 


20.18 


55.35 


20.42 


55.26 


20.66 


55.17 


20.90 


69 


60 


56.38 


20.52 


56.29 


20.77 


56.20 


21.01 


56.11 


21.26 


60 


61 


57.32 


20.86 


57.23 


21.11 


57.14 


21.36 


57.04 


21.61 


61 


62 


58.26 


21.21 


58.17 


21.46 


58.07 


21.71 


57.98 


21.97 


62 


63 


59.20 


21.55 


59.11 


21.81 


59.01 


22.06 


58.91 


22.32 


63 


64 


60.14 


21.89 


60.04 


22.15 


59.95 


22.41 


69.85 


22.67 


64 


65 


61.08 


22.23 


60.98 


22.50 


60.88 


22.76 


60.78 


23.03 


65 


66 


62.02 


22.67 


61.92 


22.84 


61.82 


23.11 


61.72 


23.38' 


66 


67 


62.96 


22.92 


62.86 


23.19 


62.76 


23.46 


62.65 


23.74 


67 


68 


63.90 


23.26 


63.80 


23.54 


63.69 


23.81 


63.59 


24.09 


68 


69 


64.84 


23.60 


64.74 


23.88* 


64.63 


24.16 


64.52 


24.45 


69 


70 


65.78 


23.94 


65.67 


24.23 


65.57 


24.51 


65.46 


24.80 


70 


71 


66.72 


24.28 


66.61 


24.57 


66.50 


24.86 


66.39 


25.15 


71 


72 


67.66 


24.63 


67.55 


24.92 


67.44 


25.21 


67.33 


25.51 


72 


73 


68.60 


24.97 


68.49 


25.27 


68.38 


25.57 


68.26 


25.86 


73 


74 


69.54 


25.31 


69.43 


25.61 


69.31 


25.92 


69.20 


26.22 


74 


75 


70.48 


25.65 


70.36 


25.96 


70.25 


26.27 


70.14 


26.57 


75 


76 


71.42 


25.99 


71.30 


26.30 


71.19 


26.62 


71.07 


26.93 


76 


77 


72.36 


26.34 


72.24 


26.65 


72.12 


26.97 


72.01 


27.28 


77 


78 


73.30 


26.68 


73.18 


27.00 


73.06 


27.32 


72.94 


27.63 


78 


79 


74.24 


27.02 


74.12 


27.34 


74.00 


27.67 


73.88 


27.99 


79 


80 
81 


75.18 


27.36 


75.06 


27,69 


74.93 


28.02 


74.81 


28.34 


80 


76.12 


27.70 


75.99 


28.04 


75.87 


28.37 


75.75 


28.70 


81 


82 


77.05 


28.05 


76.93 


28.38 


76.81 


28.72 


76.68 


29.05 


82 


K? 


77.99 


28.39 


77.87 


28.73 


77.74 


29.07 


77.62 


29.41 


a3 


84 


78.93 


28.73 


78.81 


29.07 


78.68 


29.42 


78.55 


29.76 


84 


85 


79.87 


29.07 


79.75 


29.42 


79.62 


29.77 


79.49 


30.11 


B5 


86 


80.81 


29.41 


80.68 


29.77 


80.55 


30.12 


80.42 


30.47 


86 


87 


81.75 


29.76 


81.62 


30.11 


81.49 


30.47 


81.36 


30.82 


87 


88 


82.69 


30.10 


82.56 


30.46 


82.43 


30.82 


82.29 


31.18 


88 


89 


83.63 


30.44 


83.50 


30.80 


83.36 


31.17 


83.23 


31.53 


89 


%o 


84.57 


30.78 


84.44 


31.15 


84.30 


31.52 


84.16 


31.89 


90 


91 


85.51 


31.12 


85.38 


31.50 


85.24 


31.87 


85.10 


32.24 


91 


92 


86.45 


31.47 


86.31 


31.84 


86.17 


32.22 


86.03 


32.59 


92 


93 


87.39 


31.81 


87.25 


32.19 


87.11 


32.57 


86.97 


32.95 


93 


94 


88.33 


32.15 


88.19 


32.54 


88.05 


32.92 


87.90 


33.30 


94 


95 


89.27 


32.49 


89.13 


32.88 


88.98 


33.27 


88.84 


33.66 


95 


96 


90.21 


32.83 


90.07 


33.23 


89.92 


33.62 


89.77 


34.01 


96 


97 


91.15 


33.18 


91.00 


33.57 


90.86 


33.97 


90.71 


34.37 


97 


98 


92.09 


33.52 


91.94 


33.92 


91.79 


34.32 


91.64 


34.72 


98 


99 


93.03 


33.86 


92.88 


34.27 


92.73 


34.67 


92.58 


35.07 


99 


.00 


93.97 


34.20 


93.82 


34.61 


93.67 


35.02 


93.51 


35.43 


100 


Distance. 


Dep. Lat. 


Dep. 


Lat. 


Dep. Lat. 


Dep. 1 Lat 
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70 Deg. '1 
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f 

s 

• 


211>«g. 


21i Deg. 


2U Desr. 


21} Dcg. 


m 


Lai. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


1 


0.93 


0.36 


0.93 


0.36 


0.93 


0.37 


0.93 


0.37 


1 


« 


1.87 


0.72 


1.86 


0.72 


1.86 


0.73 


1.86 


0.74 


2 


3 


2.80 


1.08 


2.80 


1.09 


2.79 


1.10 


2.79 


1.11 


3 


4 


3.73 


1.43 


3.73 


1.45 


3.72 


1.47 


3.72 


1.48 


4 


5 


4.67 


1.79 


4.66 


1.81 


4.65 


1.83 


4.64 


1.86 


6 


6 


5.60 


2.15 


5.59 


2.17 


5.58 


2.20 


5.67 


2.22 


6 


7 


6.54 


2.51 
2.87 


6.52 


2.54 


6.51 


2.57 


6.60 


2.59 


7 


8 


7.47 


7.46 


2.90 


7.44 


2.93 


7.43 


2.96 


8 


9 


8.40 


3.23 


8.39 


3.2G 


8.37 


3.30 


8.36 


3.34 


9 


10 


9.34 


3.58 1 


9.32 


3.62 


9.30 


3.67 


9.29 


3.71 


10 


11 


10.27 


3.94 


10.25 


3.99 


10.23 


4.03 


10.22 


4.08 


11 


12 


11.20 


4.30 


11.18 


4.35 


11.17 


4.40 


11.15 


4.45 


12 


13 


12.14 


4.66 


12.12 


4.71 


12.10 


4.76 


12.07 


4.82 


13 


14 


13.07 


5.02 


13.05 


5.07 


13.03 


6.13 


13.00 


6.19 


14 


15 


14.00 


5.38 


13.98 


5.44 


13.96 


5.50 


13.93 


6.56 


16 


16 


14.94 


6.73 


14.91 


5.80 


14.89 


5.86 


14.86 


6.93 


16 


17 


15.87 


6.09 


15.84 


6.16 


15.82 


6.23 


15.79 


6.30 


17 


18 


16.80 


6.45 


16.78 


6.52 


16.75 


6.60 


16.72 


6.67 


18 


19 


17.74 


6.81 


17.71 


6.89 


17.68 


6.96 


17.65 


7.04 


19 


20 


18.67 


7.17 


18.64 


7.25 


18.61 


7.33 


18.68 


7.41 


20 


21 


19.61 


7.53 


19.57 


7.61 


19.54 


7.70 


19.60 


7.78 


21 


22 


20.54 


7.88 


20.50 


7.97 


20.47 


8.06 


20.43 


8.16 


22 


23 


21.47 


8.24 


21.44 


8.34 


21.40 


8.43 


21.36 


8.62 


23 


24 


22.41 


8.60 


22.37 


8.70 


22.33 


8.80 


22.29 


8.89 


24 


25 


23.34 


8.96 


23.30 


9.06 


23.26 


9.16 


23.22 


9.26 


26 


26 


24.27 


9.32 


24.23 


9.42 


24.19 


9.53 


24.15 


9.63 


26 


27 


25.21 


9.68 


25.16 


9.79 


25.12 


9.90 


26.08 


10.01 


27 


28 


26.14 


10.03 


26.10 


10.15 


26.05 


10.26 


26.01 


10.38 


28 


29 


27.07 


10.39 


27.03 


10.51 


26.98 


10.63 


26.94 


10.75 


29 


30 
31 


28.01 


10.76 


27.96 


10.87 


27.91 


11.00 


27.86 


11.12 


30 


28.94 


11.11 


1 28.89 


11.24 


28.84 


11.36 


28.79 


11.49 


31 


32 


29.87 


11.47 


29.82 


11.60 


29.77 


11.73 


29.72 


11.86 


32 


33 
34 


30.81 


11.83 


30.76 


11.96 


30.70 


12.09 


30.65 


12.23 


33 


31.74 


12.18 


31.69 


12.32 


31.63 


12.46 


31.68 


12.60 


34 


35 


32.68 


12.64 


32.62 


12.69 


32.56 


12.83 


32.51 


12.97 


as 


36 


33.61 


12.90 


33.55 


13.05 


33.50 


13.19 


33.44 


13.34 


36 


37 


34.54 


13.26 


34.48 


13.41 


34.43 


13.66 


34.37 


13.71 


37 


38 


35.48 


13.62 


35.42 


13.77 


35.36 


13.93 


35.29 


14.08 


38 


39 


36.41 


13.98 


36.35 


14.14 


36.29 


14.29 


36.22 


14.45 


39 


40 


37.34 


14.33 


37.28 


14.50 


37.22 


14.66 


37.16 


14.82 


n 


41 


38.28 


14.69 


38.21 


14.86 


38.15 


16.03 


38.08 


15.19 


41 


42 


39.21 


15.05 


39.14 


15.22 


39.08 


16.39 


39.01 


15.56 


42 


43 


40.14 


15.41 


1 40.08 


15.58 


40.01 


16.76 


39.94 


15.93 


43 


44 


41.08 


15.77 


41.01 


15.95 


40.94 


16.13 


40.87 


16.30 


44 


45 


42.01 


16.13 


41.94 


16.31 


41.87 


16.49 


41.80 


16.68 


46 


46 


42.94 


16.48 


42.87 


16.67 


42.80 


16.86 


42.73 


17.05 


46 


47 


43.88 


16.84 


43.80 


17.03 


43.73 


17.23 


43.65 


17 42 


47 


48 


44.81 


17.20 


44.74 


17.40 


44.66 


17.59 


44.58 


17.79 


48 


49 


45.75 


17.56 


45.67 


17.76 


45.59 


17.96 


45.51 


18.16 


49 


50 

• 


46.68 


17.92 


46.60 


18.12 


46.52 


18.33 


46.44 


18.53 


50 

• 

s 

a 
Q 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 
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68} 
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o 

• 


SI Deg. 


2U Deg. 


»i Deir- 


aUiJig. 


1 


Lat. 


Dep. 


Lat 


Dep. 


Lat 


Dep. 


Lat 


Dep. 


. 


51 


47.61 


18.28 


47.53 


18.48 


47.45 


18.69 


47.37 


18.90 


51 


52 


48.55 


18.64 


48.46 


18.85 


48.38 


19.06 


48.30 


19.27 


62' 


53 


49.48 


18.99 


49.40 


19.21 


49.31 


19.42 


49.23 


19.64 


53 


54 


50.41 


19.35 


50.33 


19.57 


50.24 


19.79 


60.16 


20.01 


54 


55 


51.35 


19.71 


51.26 


19.93 


51.17 


20.16 


51.08 


20.38 


55 


56 


52.28 


20.07 


52.19 


20.30 


52.10 


20.52 


52.01 


20.75 


66 


67 


53.21 


20.43 


53.12 


20.66 


53.03 


90.89 


52.94 


21.12 


67 


58 


54.15 


20.79 


54.06 


21.02 


53.96 


21.26 


53.87 


21.49 


68 


59 


55.08 


21.14 


54.99 


21.38 


54.89 


21.62 


54.80 


21.86 


69 


80 
61 


56.01 


21.50 


55.92 


21.75 


55.83 


21.99 


55.73 


22.23 


60 


56.95 


21.86 


56.85 


22.11 


56.76 


22.36 


56.66 


22.60 


61 


62 


57.88 


22.22 


57.78 


22.47 


57.69 


22.72 


67.59 


22.97 


62 


63 


58.82 


22.58 


58.72 


22.83 


58.62 


23.09 


68.52 


23.35 


63 


64 


59.75 


22.94 


59.65 


23.20 


59.55 


23.46 


59.44 


23.72 


64 


65 


60.63 


23.29 


60.58 


23.56 


60.4:i 


23.82 


60.37 


24.09 


65 


66 


61.62 


23.65 


61.51 


23.92 


61.41 


24.19 


61.30 


24.46 


66 


67 


62.55 


24.01 


62.44 


24.28 


62.34 


24.56 


62.23 


24.83 


67 


68 


63.48 


24.37 


63.38 


24.65 


63.27 


24.92 


63.16 


25.20 


68 


69 


64.42 


24.73 


64.31 


25.01 


64.20 


25.29 


64.09 


25.57 


69 


70 


65.35 


25.09 


65.24 


25.37 


65.13 


25.66 


65.02 

• 


25.94 


70 


71 


66.28 


25.44 


66.17 


25.73 


66.06 


26.02 


65.95 


26.31 


71 


72 


67.22 


25.80 


67.10 


26.10 


66.99 


26.39 


66.87 


26.68 


72 


73 


68.15 


26.16 


eSJA 


26.46 


67.92 


26.75 


67.80 


27.05 


73 


74 


69.08 
70.02 


26.52 


68 97 


26.82 


68.85 


27.12 


68.73 


27.42 


74 


75 


26.88 


69.90 


27.18 


69.78 


27.49 


69.66 


27.79 


75 


76 


70.95 


27.24 


70.83 


27.55 


70.71 


27.85 


70.59 


28.16 


76 


77 


71.89 


27.59 


71.76 


27.91 


71.64 


28.22 


71.52 


28.53 


77. 


78 


72.82 


27.95 


72.70 


28.27 


72.57 


28.59 


72.45 


28.90 


78 


79 


73.75 


28.31 


73.63 


28.63 


73.50 


28.95 


73.38 


29.27 


79 


80 


74.69 


28.67 


74.56 


29.00 


74.43 


29.32 


74.30 


29.64 


80 


81 


75.62 


29.03 


75.49 


29.36 


75.36 


29.69 


75.23 


30.02 


81 


82 


76.55 


29.39 


76.42 


29.72 


76.29 


30.05 


76.16 


30.39 


82 


«tt 


77.49 


29.74 


77.36 


30.08 


77.22 


30.42 


77.09 


30.76 


Hti 


84 


78.42 


30.10 


78.29 


30.44 


78.16 


30.79 


78.02 


31.13 


84 


.85 


79.35 


30.46 


79.22 


30.81 


79.09 


31.15 


78.95 


31.50 


W> 


86 


80.29 


30.82 


80.15 


31.17 


80.02 


31.52 


79.88 


31.87 


86 


87 


81.22 


31.18 


81.08 


31.53 


80.95 


31.89 


80.81 


32.24 


87 


88 


82.16 


31.54 


82.02 


31.89 


81.88 


32.25 


81.74 


32.61 


88 


89 


83.09 


31.89 


82.95 


32.26 


82.81 


32.62 


82.66 


32.98 


89 


90 
91 


84.02 


32.25 


83.88 


32.62 


83.74 


32.99 


83.59 


33.35 


90 


84.96 


32.61 


84.81 


32.98 


84.67 


33.35 


84.52 


33.72 


91 


92 


85.89 


32.97 


85.74 


33.34 


85.60 


33.72 


85.45 


34.09 


92 


93 


86.82 


33.33 


86.68 


33.71 


86.53 


34.08 


86.38 


34.46 


93 


94 


87.76 


33.69 


87.61 


34.07 


87.46 


34.45 


87.31 


34.83 


94 


( 95 


88.69 


34.04 


88.54 


34.43 


88.39 


34.82 


88.24 


35.20 


95 


96 


89.62 


34.40 


89.47 


34.79 


89.32 


35.18 


89.17 


35.57 


96 


97 


90.56 


34.76 


90.40 


35.16 


90.25 


35.55 


90.09 


35.94 


97 


98 


91.49 


35.12 


91.34 


35.52 


91.18 


35.92 


91.02 


36.31 


98 


99 


92.42 


35.48 


92.27 


35.88 


92.11 


36.28 


91.95 


36.69 


99 


100 


93.36 


35.84 


9^.20 


36.24 


93.04 


36.65 


92.88 


37.06 


100 


• 

s 

a 

B 
.s 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


• 

8 


69 De$. 


68} 


Deg. 


684 ] 


Dtg:. 


m 


D^. 



24 



TRAVERSE TABLE. 



[Distance. 


llDej. 


lU Deg. 


lUDeg. 


Ill Des;. 






Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


• 


1 


0.98 


0.19 


0.98 


0.20 


0.98 


0.20 


0.98 


0.20 


1 


2 


1.96 


0.38 


1.96 


0.39 


1.96 


0.40 


1.96 


0.41 


2 


3 


2.94 


0.57 


2.94 


0.59 


2.94 


0.60 


2.94 


0.61 


3 


4 


3.93 


0.76 


3.92 


0.78 


3.92 


0.80 


3.92 


0.82 


4 1 


5 


4.91 


0.95 


4.90 


0.98 


4.90 


1.00 


4.90 


1.02 


5 ! 


6 


5.89 


1.14 


5.88 


1.17 


5.88 


1.20 


5.87 


1.22 


6 


7 


6.87 


1.34 


6.87 


1.37 


6.86 


1.40 


6.85 


1.43 


7 


8 


7.85 


1.53 


7.85 


1.56 


7.84 


1.59 


7.83 


1.63 


8 


9 


8.83 


1.72 


8.83 


1.76 


8.82 


1.79 


8.81 


1.83 


9 


10 


9.82 


1.91 


9.81 


1.95 


9.80 


1.99 


9.79 


2.04 


10 


1 


11 


10.80 


2.10 


10.79 


2.15 


10.78 


2.19 


10.77 


2.24 


11 


12 


11.78 


2.29 


11.77 


2.34 


11.76 


2.39 


11.75 


2.4^ 


12 


13 


12.76 


2.48 


12.75 


2.54 


12.74 


2.59 


12.73 


2.65 


13 


14 


13.74 


2.67 


13.73 


2.73 


13.72 


2.79 


13.71 


2.85 


14 


15 


14.72 


2.86 


14.71 


2.93 


14.70 


2.99 


14.69 


3.06 


15 


16 


16.71 


3.05 


15.69 


3.12 


15.68 


3.19 


15.66 


3.26 


16 


17 


16.69 


3.24 


16.67 


3.32 


16.66 


3.39 


16.64 


3.46 


17 


18 


17.67 


3.43 


17.65 


3.51 


17.64 


3.59 


17.62 


3.66 


18 


19 


18.65 


3.63 


18.63 


3.71 


18.62 


3.79 


18.60 


3.87 


19 


20 


19.63 


3.82 


19.62 


3.90 


19.60 


3.99 


19.58 


4.07 


20 




21 


20.61 


4.01 


20.60 


4.10 


20.58 


4.19 


20.56 


4.28 


21 


22 


21.60 


4.20 


21.58 


4.29 


21.56 


4.39 


21.54 


4.48 


22 


23 


22.58 


4.39 


22.56 


4.49 


22.54 


4.59 


22.52 


4.68 


23 


24 


23.56 


4.58 


23.54 


4.68 


23.52 


4.78 


23.50 


4.89 


24 


25 


24.54 


4.77 


24.52 


4.88 


24.50 


4.98 


24.48 


5.09 


25 


26 


25.52 


4.96 


25.50 


5.07 


25.48 


5.18 


25.46 


5.30 


26 


27 


26.50 


5.15 


26.48 


5.27 


26.46 


5.38 


26.43 


5.50 


n 


28 


27.49 


5.34 


27.46 


5.46 


27.44 


5.58 


27.41 


5.70 


28 


29 


28.47 


5.53 


28.44 


5.66 


28.42 


5.78 


28.39 


5.91 


29 


30 


29.45 


5.72 


29.42 


5.85 


29.40 


5.98 


29.37 


i6.ll 


30 




31 


30.43 


5.92 


30.40 


6.05 


30.38 


6.18 


30.35 


6.31 


31 


32 


31.41 


6.11 


31.39 


6.24 


31.36 


6.38 


31.33 


6.52 


32 


33 


32.39 


6.30 


32.37 


6.44 


32.34 


6.58 


32.31 


6.72 


33 


34 


33.38 


6.49 


33.35 


6.63 


33.32 


6.78 


33.29 


6.92 


34 


na 


34.36 


6.68 


34.33 


6.83 


34.30 


6.98 


34.27 


7.13 


35 


36 


35.34 


6.87 


35.31 


7.02 


35.28 


7.18 


35.25 


7.33 


36 


37 


36.32 


7.06 


36.29 


7.22 


36.26 


7.38 


36.22 


7.53 


37 


38 


37.30 


7.25 


37.27 


7.41 


37.24 


7.58 


37.20 


7.74 


38 


39 


38.28 


7.44 


38.25 


7.61 


38.22 


7.78 


38.18 


7.94 


39 


40 


39.27 


7.63 


39^23 


7.80 


39.20 


7.97 


39.16 


8.15 


40 




41 


40.25 


7.82 


40.21 


8.00 


.40.18 


8.17 


40.14 


8.35 


41 


42 


41.23 


8.01 


41.19 


8.19 


41.16 


8.37 


41.12 


8.55 


42| 


43 


42.21 


8.20 


42.17 


8.39 


42.14 


8.57 


42.10 


8.76 


43 




44 


43.19 


8.40 


43.15 


8.58 


43.12 


8.77 


43.08 


8.96 


44 




45 


44.17 


8.59 


44.14 


8.78 


44.10 


8.97 


44.06 


9.16 


45 




46 


45.15 


8.78 


45.12 


8.97 


45.08 


9.17 


45.04 


9.37 


46 




47 


46.14 


8.97 


46.10 


9.17 


46.06 


9.37 


46.02 


9.57 


47 




48 


47.12 


9.16 


47.08 


9.36 


47.04 


9.57 


46.99 


9.78 


48 




49 


48.10 


9.35 


48.06 


9.56 


48.02 


9.77 


47.97 


9.98 


49 




50 


49.08 


9.54 


49.04 


9.75 


49.00 


9.97 


48.95 


10.18 


50 




11 Distance. 


Dep. 


Lat 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


• 

8 

1 




19Deg. 


78f 


D«g. 


7&iDeff^ 


78iDesw 





TRAVERSE TABLE. 



• 


llDif. 


lliDci:. 


lUDeir. 


lUDeg. 


. 


UX. 


Dep. 


Lit. 


Dep. 


Lat 


Dep. 


Lat 


Dep. 


51 


50.06 


9.73 


50.02 


9.95 


48.98 


10.17 


49.93 


10,39 


51 


52 


51.04 


9.92 


51.00 


10.14 


50.96 


10.37 


50.91 


10.69 


52 


53 


52.03 


10.11 


51.98 


10.34 


51.94 


10.67 


51.89 


10.79 


63 


54 


53.01 


10.30 


52.96 


10.63 


52.92 


10.77 


52.87 


11.00 


54 


55 


53.99 


10.49 


53.94 


10.73 


63.90 


10.97 


53.85 


11.20 


55 


56 


54.97 


10.69 


54.92 


10.93 


54.88 


11.16 


64.83 


11.40 


66 


57 


55.95 


10.88 


55.90 


11.12 


65.86 


11.36 


65.81 


11.61 


57 


68 


56.93 


11.07 


56.89 


11.32 


56.84 


11.66 


56.78 


11.81 


58 


59 


57.92 


11.26 


57.87 


11.61 


67.82 


11.76 


57.76 


12.01 


59 


60 


58.90 


11.45 


58.85 


11.71 


58.80 


11.96 


58.74 


12.22 


60 


61 


5S 88 


11.64 


59.83 


11.90 


59.78 


12.16 


58.72 


12.42 


61 


62 


60.86 


11.83 


60.81 


12.10 


60.76 


12.36 


60.70 


12.63 


62 


63 


61.84 


12.02 


61.79 


12.29 


61.74 


12.66 


61.68 


12.83 


63 


64 


62.82 


12.21 


62.77 


12.49 


62.72 


12.76 . 


62.66 


13.03 


64 


65 


63.81 


12.40 


63.75 


12.68 


63.70 


12.96 


63.64 


13.24 


65 


66 


64.79 


12.59 


64.73 


12.88 


64.68 


13.16 


64.62 


13.44 


66 


67 


65.77 


12.78 


65.71 


13.07 


65.66 


13.36 


65.60 


13.64 


67 


68 


66.75 


12.98 


66.69 


13.27 


66.63 


13.66 


66.58 


13.85 


68 


69 


67.73 


13.17 


67.67 


13.46 


67.61 


13.76 


67.65 


14.05 


69 


70 


68.71 


13.36 


68.66 


13.66 


68.69 


13.96 


68.63 


14.25 


70 


71 


69.70 


13.55 


69.64 


13.85 


69.57 


14.16 


69.51 


14.46 


71 


72 


70.68 


13.74 


70.62 


14.05 


70.56 


14.35 


70.49 


14.66 


72 


73 


71.66 


13.93 


71.60 


14.24 


71.53 


14.55 


71.47 


14.87 


73 


74 


72.64 


14.12 


72.58 


14.44 


72.61 


14.75 


72.45 


15.07 


74 


75 


73.62 


14.31 


73.56 


14.63 


73.49 


14.95 


7%43 
74:41 


15.27 


75 


76 


74.60 


U.50 


74.54 


14.83 


74.47 


16.16 


16.48 


76 


77 


75.59 


14.69 


75.62 


15.02 


76.45 


15.35 


76.39 


16.68 


77 


78 


76.57 


14.88 


76.50 


16.22 


76.43 


16.65 


76.37 


16.88 


78 


79 


77.55 


15.07 


77.48, 


15.41 


77.41 


15.76 


77.34 


16.09 


79 


80 


78.53 


15.26 


78.46' 


15.61 


78.39 


16.95 


78.32 


16.29 


80 


81 


79.51 


15.46 


79.44 


15.80 


79.37 


16.16 


79.30 


16.49 


81 


82 


80.49 


15.65 


80.42 


16.00 


80.35 


16.36 


80.28 


16.70 


82 


83 


81.48 


15.84 


81.41 


16.19 


81.33 


16.66 


81.26 


16.90 


83 


84 


82.46 


16.03 


82.39 


16.39 


82.31 


16.75 


82.24 


17.11 


84 


85 


83.44 


16.22 


83.37 


16.58 


83.29 


16.96 


83.22 


17.31 


85 


86 


84.42 


16.41 


84.35 


16.78 


84.27 


17.16 


84.20 


17.51 


86 


87 


85.40 


16.60 


85.33 


16.97 


85.25 


17.35 


85.18 


17,72 


87 


88 


86.38 


16.79 


86.31 


17.17 


86.23 


17.54 


86.16 


17.92 


88 


89 


87.36 


16.98 


87.29 


17.36 


87.21 


17.74 


87.14 


18.12 


89 


90 


88.35 


17.17 


88.27 


17.66 


88.19 


17.94 


83.11 


18.33 


90 


91 


89.33 


17.36 


89.25 


17.76 


89.17 


18.14 


89.00 


18.53 


91 


92 


90.31 


17.55 


90.23 


17.96 


90.15 


18.34 


90.07 


18.74 


92 


93 


91.29 


17.75 


91.21 


18.14 


91.13 


18.54 


91.05 


18^94 


93 


94 


92.27 


17.94 


92.19 


18.34 


92.11 


18.74 


92.03 


19.14 


94 


95 


93.25 


18.13 


93.17 


18.63 


93.09 


18.94 


93.01 


19.35 


95 


96 


94.24 


18.32 


94.16 


18.73 


94.07 


19.14 


93.99 


19.65 


96 


97 


95.22 


18.51 


96.14 


18.92 


96.06 


19.34 


94.97 


19.75 


97 


98 


96.20 


18.70 


96.12 


19.12 


96.03 


19.54 


95.95 


19.96 


98 


99 


97.18 


18.89 


97.10 


19.31 


97.01 


19.74 
if. 94 


96.93 


20.16 


99 


100 


98.16 


19.08 


98.08 


19.51 


,97.99 

1 


97.90 


20.36 


100 


• 
5 


Dep. 


Lat 


Dep. 


T<at. 


Dep. 


Lat. 


Dep. 


Lat 


^E 


79 D^. 


78} 


Dec. 


78): 


Dec. 


78i: 


Deg. 
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26 



TRAVERSE TABLE. 



• 

1 


„»» 1 


12iDaff. 


VtiDeg. 


12iDasr. 


0| 


Lat. 


Dap. 1 


Lat. 


Dap. 


Lat. 


Dep. 


LaL 


Dep. 


• 


0^98 


0.21 1 


0.98 


0.21 


0.98 


0.22 


0.98 


0.22 


1 


2 


1.96 


0.42 1 


1.95 


0.42 


1.95 


0.43 


1.95 


0.44 


2 


3 


2.93 


0.62 1 


2.93 


0.64 


2.93 


0.65 


2.93 


0.66 


3 


4 


3.91 


0.83 


3.91 


0.85 


3.91 


0.87 


3.90 


0.88 


4 


6 


4.89 


1.04 


4.89 


1.06 


4.88 


1.08 


4.88 


1.10 


5 


6 


6.87 


1.25 


5.86 


1.27 


6.86 


1.30 


6.85 


1.32 


6 


7 


6.85 


1.46 


6.84 


1.49 


6.83 


1.52 


6.83 


1.64 


7 


8 


7.83 


1.66 


7.82 


1.70 


7.81 


1.73 


7.80 


1.77 


8 





8.80 


1.87 


8.80 


1.91 


8.79 


1.95 


8.78 


1.99 


9 


10 


9.78 


2.08 


9.77 


2.12 


9.76 


2.16 


9.75 

• 


2.21 


10 


11 


10.76 


2.29 


10.75 


2.33 


10.74 


2.38 


10.73 


2.43 


11 


12 


11.74 


2.49 


11.73 


2.55 


11.72 


2.60 


11.70 


2.65 


12 


13 


12.72 


2.70 


12.70 


2.76 


12.69 


2.81 


12.68 


2.87 


13 


14 


13.69 


2.91 


13.68 


2.97 


13.67 


3.03 


13.65 


3.09 


14 


16 


14.67 


3.12 


14.66 


3.18 


14.64 


3.25 


14.63 


3.31 


15 


16 


15.65 


3.33 


15.64 


3.39 


15.62 


3.46 


15.61 


3.53 


16 


17 


16.63 


3.63 


16.61 


3.61 


16.60 


3.68 


16.58 


3.75 


17 


18 


17.61 


3.74 


17.59 


3.82 


17.67 


3.90 


17.56 


3.97 


18 


19 


18.68 


3.95 


18.57 


4.03 


18.55 


4.11 


18.53 


4.19 


19 


90 


19.56 


4.16 


19.54 


4.24 


19.53 


4.33 


19.51 


4.41 


20 


il 


S0.54 


4.37 


20.62 


4.46 


20.50 


4.65 


20.48 


4.63 


21 


tt 


21.52 


4.57 


21.50 


4.67 


21.48 


4.76 


21.46 


4.86 


22 


S3 


22.50 


4.78 


22.48 


4.88 


22.45 


4.98 


22.43 


5.06 


23 


U 


23.48 


4.99 


23.45 
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45.24 


12.76 


47 


48 


46.36 


12.42 


46.31 


12.63 


46.25 


12.83 


46.20 


13.03 


48 


49 


47.33 


12.68 


47.27 


12.89 


47.22 


13.09 


47.16 


13.30 


49 


50 


48.30 


12.94 


48.24 


13.15 


48.18 


13.36 


48.12 


13.57 
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51 


49.26 


13.20 


49.20 


13.41 


49.15 


13.63 


49.09 


13.84 


51 


52 


50.23 


13.46 


50.17 


13.68 


50.11 


13.90 


50.05 


14.11 


52 


53 


51.19 


13.72 


51.13 


13.94 


51.07' 


14.16 


51.01 


14.39 


53 


54 


52.16 


13.98 


52.10 


14.20 


52.04 


14.43 


51.97 


14.66 


54 


55 


53.13 


14.24 


53.06 


14.47 


53.00 


14.70 


52.94 


14.93 


55 


56 


54.09 


14.49 


54.03 


14.73 


53.96 


14.97 


53.90 


15.20 


56 


57 


55.06 


14.75 


54.99 


14.99 


54.93 


15.23 


54.86 


15.47 


57 


58 


56.02 


15.01 
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15.26 


55.89 


15.50 


55.82 


15.74 


58 


59 


56.99 


15.27 


56.92 


15.52 


56.85 


15.77 


56.78 


16.01 


59 


80 


57.96 


15.53 


57.89 


15.78 


57.82 


16.03 


57.75 


16.29 


60 
61 


61 


58.92 


15.79 


58.85 


16.04 


58.78 


16.30 


58.71 


16.56 


62 


59.89 


16.05 


59.82 


16.31 


59.75 


16.57 


59.67 


16.83 


62 


63 


60.85 


16.31 


60.78 


16.57 


60.71 


16.84 


60.63 


17.10 


63 


64 


61.82 


16.56 


61.75 


16.83 


61.67 


17.10 


61.60 


17.37 


64 


65 


62.79 


16.82 


62.71 


17.10 


62.64 


17.37 


62.56 


17.64 


65 


66 


63.75 


17.08 


63.68 


17.36 


1 63.60 


17.64 


63.52 


17.92 


66 


67 


64.72 


17.34 


64.64 


17.62 


64.56 


17.90 


64.48 


18.18 


67 


68 


65.68 


17.60 


65.61 


17.89 


65.53 


18.17 


65.45 


18.46 


68 


69 


66.65 


17.86 


66.57 


18.15 


66.49 


18.44 


66.41 


18.73 


69 


70 


67.61 


18.12 


67.54 


18.41 


67.45 


18.71 


67.37 


19.00 


70 


71 


68.58 


18.38 


68.50 


18.68 


68.42 


18.97 


68.33 


19.27 


71 


72 


69.55 


18.63 


69.46 


18.94 


69.38 


19.24 


69.30 


19.54 


72 


73 


70.51 


18.89 


70.43 


19.20 


70.35 


19.51 


70.26 


19.82 


73 


74 


71.48 


19.15 


71.39 


19.46 


71.31 


19.78 


71.22 


20.09 


74 


75 


72.44 


19.41 


72.36 


19.73 


72.27 


20.04 


72.18 


20.36 


75 


76 


73.41 


19.67 


73.32 


19.99 


73.24 


20.31 


73.15 


20.63 


76 


77 


74.38 


19.93 


74.29 


20.25 


74.20 


20.58 


74.11 


20.90 


77 


78 


75.34 


20.19 


75.25 


20.52 


11.16. 


20.84 


75.07 


21.17 


78 


79 


76.31 


20.45 


76.22 


20.78 


76.13 


21.11 


76.03 


21.44 


79 


80 


77.27 


20.71 


77.18 


21.04 


77.09 


21.38 


77.00 


21.72 


80 


81 


78.24 


20.96 


78.15 


21.31 


78.05 


21.65 


77.96 


21.99 


81 


82 


79.21 


21.22 


79.11 


21.57 


79.02 


21.91 


78.92 


22.26 


82 


83 


80.17 


21.48 


80.08 


21.83 


79.98 


22.18 


79.88 


22.53 


83 


84 


81.14 


21.74 


81.04 


22.09 


80.94 


22.45 


80.85 


22.80 


84 


85 


82.10 


22.00 


82.01 


22.36 


81.91 


22.72 


81.81 


23.07 


85 


86 


83.07 


22.26 


82.97 


22.62 


82.87 


22.98 


82.77 


23.34 


86 


87 


84.04 


22.52 


83.94 


22.88 


83.84 


_23.25 


83.73 


23.62 


87 


88 


85.00 


22.78 


84.90 


23.15 


84.80 


23.52 


84.70 


23.89 


88 


89 


85.97 


23.03 


85.87 


23.41 


85.76 


23.78 


85.66 


24.16 


89 


80 


86.93 


23.29 


86.83 


23.67 


86.73 


24.05 


86.62 


24.43 


90 


91 


87.90 


23.55 


87.80 


23.94 


87.69 


24.32 


87.58 


24.70 


91 


92 


88.87 


23.81 


88.76 


24.20 


88.65 
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88.55 


24.97 


92 


93 


89.83 


24.07 


89.73 


24.46 


89.62 


24.85 
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25.24 


93 


94 


90.80 


24.33 


90.69 


24.72 


90.58 


25.12 


90.47 


25.52 


94 


95 


,91.76 


24.59 


91.65 


24.99 


91.54 


25.39 


91.43 


25.79 


95 


96 


92.73 


24.85 
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25.25 


92.51 


25.65 


92.40 


26.06 


96 


97 


93.69 
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93.58 


25.51 


93.47 


25.92 


93.36 


26.33 


97 


98 


94.66 


25.36 


94.55 


25.78 


94.44 


26.19 


94.32 


26.60 


98 


99 


95.63 


25.62 


95.51 


26.04 


95.40 


26.46 


95.28 
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99 
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25.88 


96.48 
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96.36 
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1 


0.96 


0.29 
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0.30 
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0.30 


0.95 


0.30 


1 


2 


1.91 


0.58 


1.91 


0.59 


1.91 


0.60 


1.90 


0.61 


s 


3 


2.87 


0.88 


2.87 


0.89 


2.86 
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3.81 
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3 


4 


3.83 


1.17 


3.82 


1.19 


3.81 


1.90 


1.22 


4 


6 


4.78 


1.46 


4.78 


1.48 


4.77 


1.50 


4.76 


1.52 


5 


6 


5.74 
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5.73 


1.78 


5.72 
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5.71 


1.83 


6 


7 


6.69 


2.05 


6.69 


2.08 


6.68 


2.10 


6.67 


2.13 


7 


8 


7.65 


2.34 


7.64 


2.37 


7.63 


2.41 


7.62 


2.44 


8 


9 


8.61 


2.63 


8.60 


2.67 


8.58 


2.71 


8.57 


2.74 


9 


11 


9.56 


2.92 


9.55 


2.97 


9.54 


3.01 


9.52 


3.05 


10 


10.52 


3.22 
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3.26 


10.49 


3.31 


10.46 


3.35 


U 


12 


11.48 


3.51 


11.46 


3.56 


11.44 


3.61 


11.43 


3.66 


IS 


13 


12.43 


3.80 


12.42 


3.85 


12.40 


3.91 


12.38 


3.96 


13 


U 


13.39 


4.09 


13.37 


4.15 


13.35 


4.21 


13.33 


4.27 


14 


15 


14.34 


4.39 


14.33 


4.45 


14.31 


4.51 


14.29 


4.57 


15 


16 


15.30 


4.68 


15.28 


4.74 


15.26' 


4.81 


15.24 


4.88 


16 


17 


16.26 


4.97 


16.24 


5.04 4 16.21 


5.11 


16.19 


5.18 


17 


18 


17.21 


5.26 


17.19 


5.34 


17.17 


5.41 


r.i4 


5.49 


18 


19 


18.17 


5.56 


18.15 


5.63 


18.12 
19.07 


5.71 


18.10 


5.79 


19 


20 


19.13 


5.85 


19.10 


5.93 


6.01 


19.05 


6.10 


20 


21 


20.08 


6.14 


20.06 


6.23 


20.03 


6.31 


1 20.00 


6.40 


21 


22 


21.04 


6.43 


21.01 


6.52 


20.98 


6.62 


1 20.95 


6.71 


22 


23 


21.99 


6.72 


21.97 


6.82 


21.94 


6.92 


21.91 


7.01 


23 


24 


22.95 


7.02 


22.92 


7.12 


22.89 


7.22 


1 22.86 


7.32 


24 


25 


23.91 


7.31 


23.88 


7.41 


23.84 


7.52 


23.81 


7.62 


2S 


26 


24.86 


7.60 


24.83 


7.71 


24.80 


7.82 


24.76 


7.93 


26 


27 


25.82 


7.89 


25.79 


8.01 


25.75 


8.12 


25.71 


8.23 


27 


28 


26.78 


8.19 


26.74 


8.30 


26.70 


8.42 


26.67 


8.54 


28 


29 


27.73 


8.48 


27.70 


8.60 


27.66 


8.72 


27.62 


8.84 


29 


^ 


28.69 


8.77 


28.65 


8.90 


28.61 


9.02 


28.57 


9.15 


30 


31 


29.65 


9.06 


29.61 


9.19 


29.57 


9.32 


29.52 


9.45 


31 


32 


30.60 


9.36 


30.56 


9.49 


30.52 


9.62 


30.48 


9.76 


32 


33 


31.56 


9.65 


31.52 


9.79 


31.47 


9.92 


31.43 


10.06 


33 


34 


32.51 


9.94 


32.47 


10.08 


32.43 


10.22 


32.38 


10.37 


34 


35 


33.47 


10.23 


33.43 


10.38 1 


33.38 


10.52 


33.33 


10.67 


35 


36 


34.43 


10.53 


34.38 


10.68 


34.33 


10.83 


34.29 


10.98 


36 


37 


35.38 


10.82 


35.34 


10.97 


35.29 


11.13 


35.24 


11.28 


37 


38 


36.34 


11.11 


36.29 


11.27 36.24 


11.43 


36.19 


11.58 


38 


39 


37.30 


11.40 


37.25 


11.57 37.19 


11.73 


37.14 


11.89 


39 


40 


38.25 


11.69 


38.20 


11.86 38.15 


12.03 


38.10 


12.19 


40 


41 


39.21 


11.99 


39.16 


12.16 


39.10 


12.33 


39.05 


12.50 


41 


42 


40.16 


12.28 


40.11 


12.45 


40.06 


12.63 


40.00 


12.80 


42 


43 


41.12 


12.57 


41.07 


12.75 


41.01 


12.93 


40.95 


13.11 


43 


44 


42.08 


12.86 


42.02 


13.05 


41.96 


13.23 


41.91 


13.41 


44 


45 


43.03 


13.16 


42.98 


13.34 


42.92 


13.53 


42.86 


13.72 


45 


46 


43.99 


13.45 


43.93 


13.64 


43.87 


13.83 


43.81 


14.02 


46 


47 


44.95 


13.74 


44.89 


13.94 


44.82 


14.13 


44.76 


14.33 


47 


48 


45.90 


14.03 


45.84 


14.23 


45.78 


14.43 


45.71 


14.63 


48 


49 


46.86 


14.33 


46.80 


14.53 


46.73 


14.73 


46.67 


14.94 


49 


50 


47.82 


14.62 


47.76 


14.83 


47.69 


15.04 


47.62 


15.24 
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Dep. 
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Lat. 


Dep. 


51 


48.77 


14.91 


48.71 


15.12 


48.64 


15.34 


48.67 


16.65 


61 


62 


49.73 


15.20 


49.66 


15.42 


49.69 


15.64 


49.52 


16.85 


62 


53 


50.68 


15.50 


50.62 


15.72 


50.55 


15.94 


60.48 


16.16 


63 


54 


51.64 


15.79 


51.57 


16.01 


51.50 


16.24 


61.43 


16.46 


64 


55 


52.60 


16.08 


52.53 


16.31 


52.45 


16.64 


62.38 


16.77 


66 


56 


53.55 


16.37 


53.48 


16.61 


53.41 


16.84 


53.33 


17.07 


66 


57 


54.51 


16.67 


54.44 


16.90 


54.36 


17.14 


54.29 


17.38 


67 


58 


55.47 


16.96 


55.39 


17.20 


65.32 


17.44 


66.24 


17.69 


68 


59 


56.42 


17.25 


66.35 


17.50 


56.27 


17.74 


66.19 


17.99 


69 


60 


57.38 


17.54 


57.30 


17.79 


57.22 


18.04 


67.14 


18.29 


60 


61 1 58.33 


17.83 


58.26 


18.09 


68.18 


18.34 


^.10 


18.60 


61 


62 


59.29 


18.13 


59.21 


18.39 


59.13 


18.64 


69.06 


18.90 


62 


63 


60.25 


18.42 


60.17 


18.68 


60.08 


18.94 


60.00 


19.21 


63 


64 


61.20 


18.71 


61.12 


18.96 


61.04 


19.25 


60.95 


19.51 


64 


65 


62.16 


19.00 


62.08 


19.28 


61.99 


19.66 


61.91 


19.82 


66 


66 


63.12 


19.90 


63.03 


19.57 


62.96 


19.86 


62.86 


20.12 


66 


67 


64.07 


19.59 


63.99 


19.87 


63.90 


20.15 


63.81 


20.43 


67 


63 


65.03 


19.88 


64.94 


20.16 


64.85 


20.45 


64.76 


20.73 


68 


69 


65.99 


20.17 


65.90 


20.46 


66.81 


90.76 


66.72 


21.04 


69 


70 


66.94 


20.47 


66.85 


20.76 


66.76 


21.06 


66.67 


21.34 


70 


71 


67.90 


20.76 


67.81 


21.05 


67.71 


21.36 


67.62 


21.66 


71 


72 


68.85 


21.05 


68.76 


21.35 


68.67 


21.65 


68.67 


21.96 


72 


73 


69.81 


21.34 


69.72 


21.65 


69.62 


21.96 


69.62 


22.28 


73 


74 


70.77 


21.64 


70.67 


21.94 


70.58 


22.26 


70.48 


22.66 


74 


75 


71.72 


21.93 


71.63 


22.24 


71.63 


22.66 


71.43 


22.86 


75 


76 


72.68 


22.22 


72.68 


S2.54 


72.48 


22.86 


72.38 


23.17 


76 


77 


73.64 


22.51 


73.54 


22.83 


73.44 


23.15 


73.33 


23.47 


77 


78 


74.59 


22.80 


74.49 


23.13 


74.39 


23.46 


74.29 


23.78 


78 


79 


75.55 


23.10 


75.45 


23.43 


75.34 


23.76 


75.24 


24.08 


79 


80 


76.50 


23.39 


76.40 


23.72 


76.30 


24.06 


76.19 


24.39 


80 


81 


77.46 


23.68 


77.36 


24.02 


77.25 


24.36 


77.14 


24.69 


81 


82 


78.42 


23.97 


78.31 


24.32 


78.20 


24.66 


78.10 


25.00 


82 


83 


79.37 


24.27 


79.27 


24.61 


79.16 


25.96 


79.05 


25.30 


83 


84 


80.33 


24.56 


80.22 


24.91 


80.11 


25.26 


80.00 


25.61 


84 


85 


81.29 


24.85 


81.18 


25.21 


81.07 


25.66 


80.95 


25.91 


85 


86 


82.24 


25.14 


82.13 


25.50 


82.02 


25.86 


81.91 


26.22 


86 


87 


83.20 


25.44 


83.09 


25.80 


82.97 
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82.86 


26.62 


87 


88 
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84.04 
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83.81 


26.83 


88 


89 
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85.00 
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{ 84.88 
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27.13 


89 


90 


86.07 
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85.95 
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27.06 
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90 


91 
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92 
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93 
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93 


94 
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94 


95 
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95 


96 
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91.56 
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96 


97 


92.76 
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28.76 
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97 


98 
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28.65 


93.59 
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93.33 
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98 


99 
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29.36 


94.42 
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1 


2 
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0.62 


1.90 


0.63 


1.90 
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0.64 


2 


3 


2.85 
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2.85 
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2.84 
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2.84 
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3 


4 


3.80 


1.24 


3.80 


1.25 


3.78 


1.27 


3.79 


1.29 


4 


5 


4.76 


1.55 
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1.57 
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1.59 
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1.61 


5 
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62 


63 


48.42 


21.56 


48.32 


21.77 
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48.13 
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63 


54 


49.33 
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49.24 


22.18 
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64 
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65 


56 
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23.44 


56 


57 
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51.97 
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61.87 
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58 
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63 
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66 
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73.71 
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81 


82 
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82 
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33.76 
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83 


84 


76.74 
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76.44 


34.83 
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35.17 


84 


85 
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34.57 
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35.59 


86 


86 


78.56 


34.98 
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35.32 
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86 


87 
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87 


88 
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88 
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14 


15 


13.59 
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32.49 


15.50 


32.43 


15.64 


36 


37 


33.53 


15.64 


33.46 


15.78 


33.40 


15.93 


33.33 


16.07 


37 


38 


34.44 


16.06 


34.37 


16.21 


34.30 


16.36 


34.23 


16.51 


38 


39 


35.35 


16.48 


35.27 


16.64 


35.20 


16,79 


35.13 


16.94 


39 


40 


36.25 


16.90 


36.18 


17.06 


36.10 


17.22 


36.03 


17.38 


40 


41 


37,16 


17.33 


37.08 


17,49 


37.01 


17.65 


36.93 


17.81 


41 


42 


38.06 


17.75 


37.99 


17.92 


37.91 


18.08 


37.83 


18.25 


42 


43 


38.97 


18.17 


38.89 


18.34 


38.81 


18.51 


38.73 


18.68 


43 


44 


39.88 


18.60 


39.80 


18.77 


39.71 


18.94 


39.63 


19.12 


44 


45 


40.78 


19.02 


40.70 


19.20 


40.62 


19.37 


40.53 


19.55 


45 


46 


41.69 


19.44 


41.60 


19.62 
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51 


52 
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46.84 
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52 


55 
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47.94 


22.61 


47.84 
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53 


54 
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22.82 


48.84 
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48.74 


23.25 


48.64 


23.46 


54 


55 


49.85 


23.24 


49.74 


23.46 


49.64 


23.68 


49.54 


23.89 


55 


56 


50.75 


23.67 


50.65 


23.89 


50.54 


24.11 


50.44 


24.33 


56 


57 
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24.09 


51.55 


24.31 


51.45 


24.54 


51.34 


24.76 


57 


58 
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24.74 


52.35 
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52.24 
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58 


59 
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25.63 


59 


60 
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54.27 
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60 


61 
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61 


62 


56.19 
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62 


63 
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63 


64 
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64 


65 
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58.67 
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65 


66 
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59.69 
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59.57 


28.41 


59.45 
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66 


67 
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67 


68 
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68 


69 
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69 
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73 


74 
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74 


75 
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67.55 


32.68 


75 
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76 


77 
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77 


78 


70.69 
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82 
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84 


85 
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a^ 


86 
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86 


87 


78.85 
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78.36 
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87 


88 


79.76 
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88 


89 
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80.50 
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89 
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92 
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93 
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94 
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95 


96 
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40.57 
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96 


97 
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97 


98 
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42.19 
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98 


99 
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89.54 
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3^ 


4 
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4 


5 
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5 


6 
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2.70 


6 


7 
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7 


8 
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15.15 


26.98 


15.27 


26.91 


15.38 


31 


32 


27.99 


16.51 


27.92 


16.64 


27.85 


15.76 


27.78 


15.88 


32 


33 


28.86 


16.00 


28.79 


16.12 


28.72 


16.25 


28.65 


16.38 


t«l 


34 


29.74 


16.48 


29.66 


16.61 


29.59 


16.74 


29.62 


16.87 


34 


35 


30.61 


16.97 


30.54 


17.10 


30.46 


17.23 


30.39 


17.37 


35 


36 


31.49 


17.45 


31.41 


17.59 


31.33 


17.73 


31.26 


17.86 


36 


37 


32.36 


17.94 


32.28 


18.08 


32.20 


18.22 


32.12 


18.36 


37 


38 


33.24 


18.42 


33.15 


18.57 


33.07 


18.71 


32.99 


18.86 


38 


39 


34.11 


18.91 


34.03- 


19.66 


33.94 


19.20 


33.86 


19.35 


39 


40 


34.98 


19.39 


34.90 


19.54 


34.81 


19.70 


34.73 


19.85 


40 


41 


35.86 


19.88 


35.77 


20.03 


35.68 


20.19 


35.60 


20.34 


41 


42 


36.73 


20.36 


36.64 


20.52 


36.55 


20.68 


36.46 


20.84 


42 


43 


37.61 


20.85 


37.52 


21.01 


37.43 


21.17 


37.33 


21.34 


43 


44 


38.48 


81.33 


38.39 


21.60 


38.30 


21.67 


38.20 


21.83 


44 


45 


39.36 


21.82 


39.26 


21.99 


39.17 


22.16 


39.07 


22.33 


45 


46 


40.23 


22.30 


40.13 


22.48 


40.04 


22.65 


39.94 


22.83 


46 


47 


41.11 


22.79 


41.01 


22.97 


40.91 


23.14 


40.81 


23.32 


47 


48 


41.98 


23.27 


41.88 


23.45 


41.78 


23.63 


41.67 


23.82 


48 


49 


42.86 


23.76 


42.75 


23.94 


42.65 


24.13 


42.64 


24.31 


49 


50 


43,73 


24.24 


43.62 


24.43 


43.62 


24.62 


43.41 


24.81 


50 


1 


D«p. 


Lat 


I>«p. 


Lat 


Dep. 


Lat 


Dep. 


Lat 


• 

1 


61 I 


>eff- 


60}] 


Def. 


601] 


• 
Dey. 


60i ] 


Deg. 



TRAVERSE TABLE 



61 



• 


29D6g. 


29iDej. 


»»Dec. 


29JD«c. 

* 


8 




Lat. 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


LaL 


Dep. 




61 


44.61 


24.73 


44.50 


24.92 


44.39 


25.11 


44.28 


25.31 


61 




52 


45.48 


25.21 


45.37 


25.41 


46.26 


25.61 


46.16 


>25.80 


62 




53 


46.35 


25.69 


46.24 


25.90 


46.13 


26.10 


46.01 


26.30 


63 




54 


47.23 


26.18 


47.11 


26.39 


47.00 


26.69 


46.88 


26.80 


64 




55 


48.10 


26.66 


47.99 


26.87 


47.87 


27.06 


47.76 


27.29 


55 




56 


48.98 


27.16 


48.86 


27.36 


48.74 


27.58 


48.62 


27.79 


66 




57 


49.85 


27.63 


49.73 


27.85 


49.61 


28.07 


49.49 


28.28 


57 




58 


50.73 


28.12 


50.00 


28.34 


50.48 


28.66 


60.36 


28.78 


68 




59 


51.60 


28.60 


51.48 


28.83 


61.36 


29.06 


51.22 


29.28 


69 




60 


52.48 


29.09 


52.36 


29.32 


62.22 


29.66 


52.09 


29.77 


60 




61 


53.35 


29.57 


53.22 


29.81 


63.09 


30.04 


62.96 


30.27 


61 




63 


54.23 


30.06 


54.09 


30.29 


63i96 


30.63 


63.83 


30.77 


62 




63 


55.10 


30.54 


64.97 


30.78 


64.83 


31.02 


64.70 


31.26 


63 




64 


55.98 


31.03 


55.84 


31.27 


55.70 


31.62 


55.66 


31.76 


64 




65 


56.85 


31.51 


56.71 


31.76 


66.57 


32.01 


66.43 


32.25 


66 




66 


57.72 


32.00 


57.68 


32.25 


57.44 


32.60 


57.30 


32.75 


66 




67 


58.60 


32.48 


58.46 


32.74 


58.31 


32.99 


68.17 


33#25 


67 




68 


59.47 


32.97 


59.33 


33.23 


69.18 


33.48 


69.04 


33.74 
34.24 


60 




69 


60.35 


33.46 


60.20 


33.71 


60.05 


33.98 


69.91 


69 




70 


61.22 


33.94 


61.07 


34.20 


60.92 


34.47 


60.77 


34.74 


70 




71 


62.10 


34.42 


61.95 


34.69 


61.80 


34.96 


61.64 


36.23 


71 




72 


62.97 


34.91 


62.82 


35.18 


62.67 


35.46 


62.51 


36.73 


72 




73 


63.85 


35.39 


63.69 


35.67 


63.54 


35.96 


63.38 


36.22 


73 




74 


64.72 


35.88 


64.56 


36.16 


64.41 


36.44 


64.26 


36.72 


74 




75 


65.60 


36.36 


65.44 


36.65 


66.28 


36.93 


66.11 


37.22 


76 




76 


66.47 


36.85 


66.31 


37.14, 


66.15 


37.42 


66.98 


37.71 


76 




77 


67.35 


37.33 


67.18 


37.62 


67.02 


37.92 


66.86 


38.21 


77 


« 


78 


68.22 


37.82 


68.05 


38.11 


67.^ 


38.41 


67.72 


38.70 


78 




79 


69.09 


38.30 


68.93 


38.60 


68.76 


38.90 


68.59 


39.30 


79 




80 


69.97 


38.78 


69.80 


39.09 


69.63 


39.39 


69.46 


39^70 


80 
81 




81 


70.84 


39.27 


70.67 


39.58 


70.60 


39.89 


70.32 


40.19 




82 


71.72 


39.75 


71.54 


40.07 


71.37 


40.38 


71.19 


40.69 


82 




83 


72.59 


40.24 


72.42 


40.56 


72.24 


40.87 


72.06 


41.19 


83 




84 


73.47 


40.72 


73.29 


41.04 


73.11 


41.36 


72.93 


41.68 


84 


■ 


85 


74.34 


41.21 


74.16 


41.63 


73.98 


41.86 


73.80 


42.18 


86 




86 


75.22 


41.69 


75.03 


42.02 


74.86 


42.35 


74.67 


42.67 


86 




87 


76.09 


42.18 


75.91 


42.51 


76.72 


42.84 


75.53 


43.17 


87 


' 


88 


76.97 


42.66 


76.78 


43.00 


76.59 


43.33 


76.40 


43.67 


88 




89 


77.84 


43.16 


77.65 


43.49 


77.46 


43.83 


77.27 


44.16 


88 




90 


78.72 


43.63 


78.52 


43.98 


78.33 


44.32 


78.14 


44.66 


90 




91 


79.59 


44.12 


79.40 


44.46 


79.S0 


44.81 


79.01 


45.16 


91 




92 


80.46 


44.60 


80.27 


44.96 


80.07 


45.30 


79.87 


46.65 


92 




93 


81.34 


45.09 


81.14 


45.44 


80.94 


45.80 


80.74 


46.15 


93 


94 


82.21 


45.57 


82.01 


45.93 


81.81 


46.29 


81.61 


46.64 


94 


95 


83.09 


46.06 


82.89 


46.42 


82.68 


46.78 


82.48 


47.14 


96 


96 


83.96 


46.54 


83.76 


46.91 


83.66 


47.27 


83.35 


47.64 


96 


97 


84.84 


47.03 


84.63 


47.40 


84.42 


47.77 


84.22 


48.13 


97 


98 


85.71 


47.51 


85.50 


47.88 


85.29 


48.26 


85.08 


48.63 


98 


99 


86.69 


48.00 


86.38 


48.37 


86.17 


48.76 


85.95 


49.13 


99 


100 


87.46 


48.48 


87.25 


48.86 


87.04 


49.24 


86.82 40.62 


100 




• 


Dep. 


LaL 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. Lat 


•3| 
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OOi 


Qnr- 


60iD<ff. 


OOiDcir- 
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TRAVERSE TABLE. 



1 Distance. 


30D«|r. 


30iDef. 


30iDeg. 


SOiDeg. 


1 


Lat 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


s 

• 


1 


0.87 


0.50 


0.86 


0.50 


0.86 


0.51 


0.86 


0.51 


1 


S 


1.73 


• 1.00 


1.73 


1.01 


1.72 


1.02 


1.72 


1.02 


2 


3 


2.60 


1.50 


2.59 


1.51 


2.58 


1.52 


2.58 


1.53 


3 


4 


3.46 


2.00 


3.46 


2.02 


3.45 


2.08 


3.44 


2.05 


4 


6 


4.33 


2.50 


4.32 


2.52 


.4.31 


2.54 


4.30 


2.56 


6 


6 


5.20 


3.00 


5.18 


3.02 


5.17 


3.06 


5.16 


3.07 


6 


7 


6.06 


3.50 


6.05 


3.53 


6.03 


3.55 


6.02 


3.58 


7 


8 


6.93 


4.00 


6.91 


4.03 


6.89 


4.06 


6.88 


4.09 


8 


9 


7.79 


4.50 


7.77 


4.53 


7,75 


4.57 


7.73 


4.60 


9 


10 


8.66 


6.00 


8.64 


5.04 


8.62 


6.08 


8.59 


5.11 


10 


11 


9.53 


5.50 


9.50 


6.54 


9.48 


5.58 


9.45 


5.62 


11 


12 


10.39 


6.00 


10.37 


6.05 


10.34 


6.09 


10.31 


6.14 


12 


13 


11.26 


6.50 


11.23 


6.55 


11.20 


6.60 


11.17 


6.65 


13 


14 


12.12 


7.00 


12.09 


7.05 


12.06 


7.11 


12.08 


7.16 


U 


15 


12.99 


7.50 


12.96 


7.56 


12.92 


7.61 


12.89 


7.67 


15 


16 


13.86 


8.00 


13.82 


8.06 


13.79 


8.12 


13.75 


8.18 


16 


17 


14.72 


8.50 


14.69 


8.56 


14.65 


8.63 


14.61 


8.69 


17 


16 


15.50 


9.00 


15.55 


9.07 


•15.51 


9.14 


15.47 


9.80 


18 


19 


16.45 


9.50 


16.41 


9.57 


16.37 


9.64 


16.33 


9.71 


19 


90 


17.32 


10.00 


17.28 


10.08 


17.23 


10.15 


17.19 


10.23 


20 


21 


18.19 


10.50 


18.14 


10.58 


18.09 


10.66 


18.05 


10.74 


21 


S2 


19.05 


11.00 


19.00 


11.08 


18.96 


11.17 


18.91 


11.25 


22 


23 


19.92 


11.50 


19.87 


11.59 


19.82 


11.67 


19.77 


11.76 


23 


24 


20.78 


12.00 


20.73 


12.09 


20.68 


12.18 


20.63 


12-27 


24 


25 


21.65 


12.50 


21.60 


12.59 


21.54 


12.69 


21.49 


12.78 


25 
26 


26 


22.52 


13.00 


22.46 


13.10 


22.40 


13.20 


22.34 


13.29 


27 


23.38 


13.50 


23.38 


13.60 


23.26 


13.70 


23.20 


13.80 


27 


28 


24.25 


14.00 


24.19 


14.11 


24.13 


14.21 


24.06 


14.32 


28 


29 


25.11 


14.50 


25.05 


14.61 


24.99 


14.72 


24.92 


14.83 


29 


30 


25.98 


15.00 


25.92 


15.11 


25.85 


15.23 


25.78 


15.34 


30 


31 


26.85 


15.50 


26.78 


15.62 


26.71 


15.73 


26.64 


15.85 


31 


32 


27.71 


16.00 


27 .M 


16.12 


27.57 


16.24 


27.50 


16.36 


32 


33 


28.58 


16.50 


28.51 


16.62 


28.43 


16.75 


28.36 


16.87 


33 


34 


29.44 


17.00 


29.37 


17.13 


29.30 


17.26 


29.22 


17.38 


34 


36 


30.31 


17.50 


30.23 


17.63 


30.16 


17.76 


30.08 


17.90 


35 


36 


31.18 


18.00 


31.10 


18.14 


31.02 


18.27 


30.94 


18.41 


36 


37 


32.04 


18.50 


31.96 


18.64 


31.88 


18.78 


31.80 


18.92 


37 


38 


32.91 


19.00 


32.83 


19.14 


32.74 


19.29 


32.66 


19.43 


38 


39 


33.77 


19.50 


33.69 


19.65 


33.60 


19.79 


33.52 


19.94 


39 


40 


34.64 


20.00 


34.55 


20.15 


34.47 


20.30 


34.38 


20.45 


40 


41 


35.51 


20.^ 


35.42 


20.65 


35.33 


20.81 


35.24 


20.96 


41 


42 


38.37 


21.00 


36.28 


21.16 


36.19 


21.32 


36.10 


21.47 


«2 


43 


37.24 


21.50 


37.14 


21.66 


37.05 


21.82 


36.95 


21.99 


43 


44 


38.11 


22.00 


38.01 


22.17 


37.91 


22.33 


37.81 


22.50 


44 


45 


38.97 


22.50 


38.87 


22.67 


38.77 


22.84 


38.67 


23.01 


45 


46 


39.84 


23.00 


39.74 


23.17 


39.63 


23.35 


39.53 


23.52 


46 


47 


40.70 


23.50 


40.60 


23.68 


40.50 


23.85 


40.39 


24.03 


47 


48 


41.57 


24.00 


41.46 


24.18 


41.36 


24.36 


41.25 


24.54 


48 


49 


42.44 


24.50 


42.33 


24.68 


42.22 


24.87 


42.11 


25.05 


49 


50 


43.30 


25.00 


43.19 


25.19 


43.08 


25.38 


42.97 


25.56 


50i 


b 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


M 


60 De^. 


9H 


Der. 


m 


D^. 


69i 


Dtg. 
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«r 



8 

• 


aoDii:. 


dOiDeg. 


30iD^. 


SOiDcf. 


1 

• 


Lat 1 Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


51 


44.17 


25.50 


44.06 


25.69 


43.94 


25.88 


43.83 


26.08 


51 


52 


45.08 


26.00 


44.92 


26.20 


44.80 


26.39 


44.69 


26.59 


52 


53 


45.90 


26.50 


45.78 


28.70 


45.67 


26.90 


45.55 


27.10 


53 


54 


46.77 


27.00 


46.65 


27.20 


46.53 


27.41 


46.41 


27.61 


54 


55 


47.63 


27.50 


47.51 


27.71 


47.39 


27.91 


47.27 


28.12 


55 


66 


48.50 


28.00 


48.37 


28.21 


48.25 


28.42 


48.13 


28.63 


56 


57 


49.36 


28.50 


49.24 


28.72 


49.11 


28.93 


48.99 


29.14 


67 


58 


50.23 


29.00 


50.10 


29.22 


49.97 


29.44 


49.85 


29.65 


68 


59 


51.10 


29.50 


50.97 


29.72 


50.84 


29.94 


50.70 


30.17 


59 


60 


51.96 


30.00 


51.83 


30.23 


61.70 


30.45 


51.56 


30.68 


60 


61 


52.83 


30.50 


52.69 


30.73 


52.56 


30.96 


52.42 


31.19 


61 


6^ 


53.69 


31.00 


53.56 


31.23 


53.42 


31.47 


53.28 


31.70 


62 


63 


54.56 


31.50 


54.42 


31.74 


54.28 


31.97 


54.14 


32.21 


63 


64 


55.43 


32.00 


55.29 


32.24 


55.14 


32.48 


55.00 


32.72 


64 


65 


56.29 


32.50 


56.15 


32.75 


56.01 


32.99 


55.86 


33.23 


65 


66 


57.16 


33.00 


57.01 


33.25 


56.87 


33.50 


56.72 


33.75 


66 


67 


58.02 


33.50 


57.88 


33.75 


57.73 


34.01 


57.58 


34.26 


67 


68 


58.89 


34.00 


58.74 


34.26 


58.59 


34.51 


58.44 


34.77 


68 


69 


59.76 


34.50 


59.60 


34.76 


59.45 


35.02 


59.30 


35.28 


69 


70 


60.62 


35.00 


60.47 


35.26 


60.31 


35.53 


60.16 


35.79 


70 


71 


61.49 


35.50 


61.33 


35.77 


61.18 


36.04 


61.02 


36.30 


71 


7« 


62.35 


36.00 


62.20 


36.27 


62.04 


36.54 


61.88 


36.81 


72 


73 


63.22 


36.50 


63.06 


36.78 


62.90 


37.05 


62.74 


37.32 


73 


74 


64.09 


37.00 


63.92 


37.28 


63.76 


37.56 


63.60 


37.84 


74 


75 


64.95 


37.50 


64.79 


37.78 


64.62 


38.07 


64.46 


38.35 


76 


76 


65.82 


38.00 


65.65 


38.29 


65.48 


38.57 


65.31 


38.86 


76 


77 


66.68 


38.50 


66.52 


38.79 


66.35 


39.08 


66.17 


39.37 


77 


78 


67.55 


38.00 


67.38 


39.29 


67.21 


39.59 


67.03 


39.88 


78 


79 


68.42 


39.50 


68.24 


39.80 


68.07 


40.10 


67.89 


40.39 


79 


80 


69.28 


40.00 


69.11 


40.30 


68.93 


40.60 


68.75 


40.90 


80 


81 


70.15 


40.50 


69.97 


40.81 


69.79 


41.11 


69.61 


41.41 


81 


8S 


71.01 


41.00 


70.83 


41.31 


70.65 


41.62 


70.47 


41.93 


82 


83 


71.88 


41.50 


71.70 


41.81 


71.52 


42.13 


71.33 


42.44 


83 


84 


72.75 


42.00 


72.56 


42.32 


72.38 


42.63 


72.19 


42.95 


84 


85 


73.61 


42.50 


73.43 


42.82 


73.24 


43.14 


73.05 


43.46 


m 


86 


74.48 


43.00 


74.29 


43.32 


74.10 


43.65 


73.91 


43.97 


86 


87 


75.34 


43.50 


75.15 


43.83 


74.96 


44.16 


74.77 


44.48 


87 


88 


76.21 


44.00 


76.02 


44.33 


75.82 


44.66 


75.63 


44.99 


88 


89 


77.08 


44.50 


76.88 


44.84 


76.68 


45.17 


76.49 


45.51 


89 


90 


77.94 


45.00 


.77.75 


45.34 


77.55 


45.68 


77.35 


46.02 


90 


91 


78.81 


45.50 


78.61 


45.84 


78.41 


46.19 


78.21 


46.53 


91 


99 


79.67 


46.00 


79.47 
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46.69 
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47.04 
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80.34 
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80.13 


47.20 
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47.55 


93 


94 


81.41 
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81.20 
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80.99 


47.71 


80.78 


48.06 


94 


95 


82.27 


47.50 


82.06 


47.86 


81.85 


48.22 


81.64 


48.57 


95 


96 


83.14 
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48.36 


82.72 
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96 


97 
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83.79 


48.87 


83.58 


49.23 
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97 


98 
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49.00 
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49.37 


84.44 


49.74 


84.22 


50.11 


98 


99 
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85.08 


50.62 


99 
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86.38 
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61.13 


100 


• 

1 


Dep. 




Dep. 


Lat. 


Dep* 


Lat. 


Dep. 


Lat. 


i 
1 

m 

Q 


60 De;. 


59} 


Deg. 


69i 


Deir. 


^Deg. 



€4 



TRAVERSE TABLE. 



g 


31 Dag. 


SliD«g. 


31iD«|r. 


31} Deg. 


s 


s 

• 
















. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


1 
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0.51 


0.85 


0.52 


0.85 


0.52 
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0.53 


1 


2 


1.71 


1.03 


1.71 


1.04 


1.71 


1.04 


1.70 


1.05 


2 


3 


2.57 


1.55 


2.56 


1.56 
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1.57 


2.55 


1.58 


3 


4 
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3.42 


2.08 


3.41 
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3.40 


2.10 


4 
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4.29 


2.58 


4.27 


2.59 


4.26 


2.61 
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5 


6 
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3.09 


5.13 


3.11 


5.12 


3.13 


6.10 


3.16 


6 
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7 
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6.86 
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6.84 
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6.82 


4.18 
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8 
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7.69 


4.67 
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9 
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12 


13 
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13 


14 
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7.37 


14 
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74 
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76 
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65.83 
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40.23 
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77 


78 
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40.46 
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78 


79 
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79 


80 
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41.50 
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80 


81 
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68.88 
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81 


82 
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42.84 
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82 


83 
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70.77 
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83 


84 
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72.47 
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44.73 


85 


86 
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73.52 


44.61 
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86 


87 
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87 


88 
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88 


89 
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89 


90 


77.15 


46.35 
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91 
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47.56 
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91 


92 
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92 


93 
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79.08 


48.94 


93 


94 
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48.76 


80.15 


49.11 
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49.47 


94 


95 


81.43 
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49.28 
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96 


96 
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60.16 
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96 
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97 
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1.69 
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1.68 
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1.59 
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1.61 
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2.13 


3.37 
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4.23 
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4.32 
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3.1^ 


5.07 


5.06 
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5.05 
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6 


7 
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3.74 
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3.76 
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3.79 


7 


8 


6.78 
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4.37 
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4.30 
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4.33 
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9 
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7.61 
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10 
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5.34 


8.43 
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10 


U 
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13 
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6.40 
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6.49 


12 


13 
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10.99 
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7.03 


13 


14 
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7.42 


11.84 


7.47 


11.81 


7.62 
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7.67 


14 


15 


12.72 
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12.69 


8.00 


13.65 


8.06 


13.63 


8.11 
8.6t 


15 


16 


13.57 


8.48 


13.53 


8.54 


13.49 


8.60 


13.46 


16 


17 


14.42 


9.01 


14.38 


9.07 


14.34 


9.13 


14.30 


9.20 


17 


18 


15.26 


9.54 


15.22 


9.61 


15.18 


9.67 


16.14 


9.74 


18 


19 


16.11 


10.07 


16.07 


10.14 


16.03 


10.21 


15.98 


10.28 


19 


90 


16.96 


10.60 


16.91 


10.67 


16.87 


10.76 


16.83 


10.82 


20 


21 


17.81 


11.13 


17.76 


11.31 


17.71 


11.28 


17.66 


11.96 


21 


22 


18.66 J 


11.66 


18.61 


11.74 


18.55 


11.82 


18.50 


11.90 


23 


23 


19.51 


12.19 


19.45 


13.37 


19.40 


12.36 


19.34 


13.44 


33 


24 


20.35 


12.72 


20.30 


13.81 


30.34 


12.90 


30.18 


13.98 


24 


25 


21.80 


13.25 


21.14 


13.34 


21.08 


13.43 


21.03 


13.63 


25 


26 


23.05 


13.78 


31.99 


13.87 


21.93 


13.97 


21.87 


14.07 


26 


27 


23.90 


14.31 


23.83 


14.41 


33.77 


14.51 


23.71 


14.61 


27 


28 


33.76 


14.84 


33.68 


14.94 


33.61 


15.04 


33.55 


16.15 


38 


29 


34.59 


15.37 


24.53 


15.47 


34.46 


15.58 


34.39 


16.69 


29 


30 


25.44 


15.90 


25.37 


16.01 


35.30 


16.12 


25.23 


16.23 


30 


81 


26.29 


16.43 


26.23 


16.54 


26.15 


16.66 


26.07 


16.77 


31 


33 


27.14 


16.96 


37.06 


17.08 


26.99 


17.19 


26.91 


17.31 


33 


33 


27.99 


17.49 


27.91 


17.61 


27.83 


17.73 


27.76 


17.85 


33 


34 


28.83 


18.02 


28.75 


18.14 


28.68 


18.27 


28.60 


18.39 


34 


35 


29.68 


18.55 


29.60 


18.68 


29.52 


18.81 


29.44 


18.93 


35 


36 


30.53 


19.08 


30.45 


19.31 


30.36 


19.34 


30.28 


19.48 


36 


37 


31.38 


19.61 


31.29 
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19.88 


31.12 


20.02 


37 


38 


33.23 


20.14 


33.14 


20.28 


33.05 


20.42 


31.96 


20.56 


38 


39 


33.07 


30.67 
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20.81 


33.89 


20.95 


32.80 


21.10 


39 


40 


33.92 


21.30 


33.83 


21.34 


33.74 


21.49 


33.64 


31.64 


40 


41 


34.77 
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34.67 


21.88 


34.58 
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34.48 
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42 
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35.35 
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40.71 


25.44 


40.59 


35.61 


40.48 
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40.37 
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41.44 


36.15 


41.33 
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62 
63 
64 
65 
66 
67 
68 
69 
70 



71 
7« 
73 
74 

75 
76 
77 
78 
79 
80 



81 
82 
83 
84 
85 
86 
87 
88 
89 
90 



91 
92 
93 
94 
95 
96 
97 
98 
99 
1100 



32Def. 



LaL 



43.25 
44.10 
44.95 
45.79 
46.64 
47.49 
48.34 
49.19 
50.03 
50.88 



51.73 
52.58 
53.43 
54.28 
55.12 
55.97 
56.82 
57.67 
58.52 
59.36 



60.21 
61.06 
61.91 
62.76 
63.60 
64.45 
65.30 
66.15 
67.00 
67.84 



68.69 
69.54 
70.39 
71.24 
72.08 
72.93 
73.78 
74.63 
75.48 
76.32 



77.17 
78.02 
78.87 
79.72 
80.56 
81.41 
82.26 
83.11 
83.96 
84.80 



Dep. 



D«p. 



27.03 
27.56 
28.09 
28.62 
29.15 
29.68 
30.21 
30.74 
31.27 
31.80 



32.33 

32.85 
33.38 
33.91 
34.44 
34.97 
35.50 
36.03 
36.56 
37.09 



37.62 
38.15 
38.68 
39.21 
39.74 
40.27 
40.80 
41.33 
41.86 
42.39 



42.92 
43.45 
43.98 
44.51 
45.04 
45.57 
46.10 
46.63 
47.16 
47.69 



48.22 
48.75 
49.28 
49.81 
50.34 
50.87 
51.40 
51.93 
52.46 
52.99 i 



Lat. 



58Dcf. 



32il>eg. 



Lat. 



43.13 
43.98 
44.82 
45.67 
46.51 
47.36 
48.21 
49.05 
49.90 
50.74 



51.59 
52.44 
53.28 
54.13 
54.97 
55.82 
56.66 
57.51 
58.36 
59.20 



60.05 
60.89 
61.74 
62.58 
63.43 
64.28 
65.12 
65.97 
66.81 
67.66 



68.50 
69.36 
70.20 
71.04 
71.89 
72.73 
73.58 
74.42 
/75.27 
76.12 



76.96 
77.81 
78.65 
79.50 
80.34 
81.19 
82.04 
82.88 
83.73 
84.57 



Dep. 



Dep. 



27.21 
27.75 
28.28 
28.82 
29.35 
29.88 
30.42 
30.95 
31.48 
32.02 



32.55 
33.08 
33.62 
34.15 
34.68 
35.22 
35.75 
36.29 
36.82 
37.35 



37.89 
38.4Ji 
38.95 
39.49 
40.02 
40.55 
41.09 
41.62 
42.16 
42.69 



43.22 
43.76 
44.29 
44.82 
45.36 
45.89 
46.42 
46.96 
47.49 
48.03 



48.56 
49.09 
49.63 
50.16 
50.69 
51.23 
51.76 
52.29 
52.83 
53.36 



Lat 



671 D^. 



32iDeg. 



Lat. 



43.01 
43.86 
44.70 
45.54 
46.39 
47.23 
48.07 
48.92 
49.76 
50.60 



51.45 
52.29 
53.13 
53.98 
54.82 
55.66 
56.51 
57.35 
58.19 
59.04 



59.88 
60.72 
61.57 
62.41 
63.25 
64.10 
64.94 
65.78 
66.63 
67.47 



68.31 
69.16 
70.00 
70.84 
71.69 
72.53 
73.38 
74.22 
75.06 
75.91 



76.75 
77.69 
78.44 
79.28 
80.12 
80.97 
81.81 
82.65 
83.50 
84.34 



Dep. 



Dep. 



27.40 
27.94 
28.48 
29.01 
29.55 
30.09 
30.63 
31.16 
31.70 
32.24 



32.78 
33.31 
33.85 
34.39 
34.92 
35.46 
36.00 
36.54 
37.07 
37.61 



38.15 
38.69 
39.22 
39.76 
40.30 
40.83 
41.37 
41.91 
42.45 
42.98 



32}Def. 



Lat. 



42.89 
43.73 
44.58 
45.42 
46.26 
47.10 
47.94 
48.78 
49.62 
50.46 



51.30 
52.14 
52.99 
53.83 
54.67 
55.51 
56.35 
57.19 
58.03 
58.87 



43.52 
44.06 
44.60 
45.13 
45.67 
46.21 
46.75 
47.28 
47.82 
48.36 



48.89 
49.43 
49.97 
50.61 
51.04 
51.58 
62.12 
62.66 
53.19 
53.73 



69.71 
60.55 
61.40 
62.24 
63.08 
63.92 
64.76 
65.60 
66.44 
67.28 



68.12 
68.97 
69.81 
70.65 
71.49 
72.33 
73.17 
74.01 
74.85 
75.69 



76.53 
77.38 
78.22 
79.06 
79.90 
80.74 
81.58 
82.42 
83.26 
84.10 



Dep. 



27.69 
28.13 
28.67 
29.21 
29.75 
30.29 
30.84 
31.38 
31.92 
32.46 



33.00 
33.54 
34.06 
34.62 
35.16 
35.70 
36.25 
36.79 
37.33 
37.87 



38.41 
38.95 
39.49 
40.03 
40.57 
•41.11 
41.65 
42.20 
42.74 
43.28 



43 

44.36 
44.90 
45.44 
45.98 
46.62 
47.06 
47.61 
48.15 
48.69 



49.23 
49.77 
50.31 
50.85 
51.39 
51.93 
52.47 
53.02 
63.56 
64.10 



I 

s 



61 
52 
53 
54 
55 
56 
57 
58 
59 
60 



61 
62 
63 
64 
65 
66 
67 
68 
69 
70 



71 
72 
73 
74 
75 
76 
77 
78 
79 
80 



81 



83 
84 
85 



87 
88 



90 



Lat. I Dep. I Lat. 



671Deff. 



57iDef. 



91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
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TftAVERSE TABLE. 





I 


33 Des- 


1 33i Deg. 


33JDeg. 


331 Deg. 


S 
1 




Lat 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


Lat. 


Dep. 




1 


0.84 


0.54 


0.84 


0.55 


0.83 


0.55 


0.83 


0.56 




2 


1.68 


1.09 


1.67 


1.10 


1.67 


1.10 


1.66 


1.11 


2 




3 


2.52 


1.63 


2.51 


1.64 


2.60 


1.66 


2.49 


1.67 


3 




4 


3.35 


2.18 


3.35 


2.19 


3.34 


2.21 


3.33 


2.22 


4 




6 


4.19 


2.72 


4.18 


2.74 


4.17 


2.76 


4.16 


2.78 


5 




6 


5.03 


3.27 


5.02 


3.29 


5.00 


3.31 


4.99 


3.33 


6 




7 


5.87 


3.81 


5.85 


3.84 


5.84 


3.86 


5.82 


3.89 


7 




8 


6.71 


4.36 


6.69 


4.39 


6.67 


4.42 


6.65 


4.44 


8 




9 


7.55 


4.90 


7.63 


4.93 


7.50 


4.97 


7.48 


5.00 


9 




10 


8.39 


6.45 


8.36 


5.48 


8.34 


5.52 


8.31 


6.56 


10 




11 


9.23 


5.99 


9.20 


6.03 


9.17 


6.07 


9.15 


6.11 


11 


u 


10.06 


6.54 


10.04 


6.58 


10.01 


6.62 


9.98 


6.67 


12 


13 


10.90 


7.08 


10.87 


7.13 


10.84 


7.18 


10.81 


7.22 


13 


14 


11.74 


7.62 


11.71 


7.68 


11.67 


7.73 


11.64 


7.78 


14 


15 


12.58 


8.17 


12.54 


8.22 


12.51 


8.28 


12.47 


8.33 


15 


16 


13.42 


8-71 


13.38 


8.77 


13.34 


8.83 


13.30 


8.89 


16 


17 


14.26 


9.26 


14.22 


9.32 


14.18 


9.38 


14.13 


9.44 


17 


18 


15.10 


9.80 


15.05 


9.87 


15.01 


9.93 


14.97 


10.00 


18 




19 


15.93 


10.35 


15.89 


10.42 


15.84 


10.49 


15.80 


10.56 


19 




20 


16.77 


10.89 


16.73 


10.97 


16.68 


11.04 


16.63 


11.11 


20 




21 


17.61 


11.44 


17.56 


11.51 


17.51 


11.59 


17.46 


U.67 


21 




22 


18.45 


11.98 


18.40 


12.06 


18.35 


12.14 


18.29 


12.22 


22 




23 


39.29 


12.53 


19.23 


12.61 


19.18 


12.69 


19.12 


12.78 


23 




24 


20.13 


13.07 


20.07 


13.16 


20.01 


13.25 


19.96 


13.33 


24 




25 


20.97 


13.62 


20.91 


13.71 


20.85 


13.80 


20.79 


13.89 


25 




2« 


21.81 


14.16 


21.74 


14.26 


21.68 


14.35 


21.62 


14.44 


26 




27 


22.64 


14.71 


22.58 


14.80 


22.51 


14.90 


22.45 


15.00 


27 




28 


23.48 


15.25 


23.42 


15.35 


23.35 


15.45 


23.28 


15.56 


28 




29 


24.32 


15.79 


24.25 


15.<¥) 


24.18 


16.01 


24.11 


16.11 


29 




30 
31 


25.16 


16.34 


25.09 


16.45 


25.02 


16.56 


24.94 


16.67 


30 




26.00 


16.88 


25.92 


17.00 


25.85 


17.11 


25.78 


17.22 


31 




32 


26.84 


17.43 


26.76 


17.65 


26.68 


17.66 


26.61 


17.78 


32 




33 


27.68 


17.97 


27.60 


18.09 


27.52 


18.21 


27.44 


18.33 


.13 




34 


28.51 


18.52 


28.43 


18.64 


28.35 


•18.77 


28.27 


18.89 


34 




35 


29*35 


19.06 


29.27 


19.19 


29.19 


19.32 


29.10 


19.44 


35 




36 


30.19 


19.61 


30.11 


19.74 


30.02 


19.87 


29.93 


20.00 


36 




37 


31.03 


20.15 


30.94 


20.29 


30.85 


20.42 


30.76 


20.56 


37 




38 


31.87 


20.70 


31.78 


20.84 


31.69 


20.97 


31.60 


21.11 


38 




39 


32.71 


21.24 


32.62 


21.38 


32.62 


21.53 


32.43 


21.67 


39 




4d 


33.55 


21.79 


33.45 


21.93 


33.36 


22.08 


33.26 


22.22 


40 




41 


34.39 


22.33 


34.29 


22.48 


34.19 


22.63 


34.09 


22.78 


41 




42 


35.22 


22.87 


35.12 


23.03 


35.02 


23.18 


34.92 


23.33 


42 




43 


36.06 


23.42 


35.96 


23.58 


35.86 


23.73 


35.76 


23.89 


43 




44 


36.90 


23.96 


36.80 


24.12 


36.69 


24.29 


36.58 


24.45 


44 




45 37.74 1 


24.51 


37.63 


24.67 


37.52 


24.84 


37.42 


25.00 


45 




46 


38.58 


25.05 


38.47 


25.22 


38.36 


25.39 


38.25 


25.56 


46 




47 


39.42 


25.60 


39.31 


25.77. 


39.19 


25.94 


39.08 


26.11 


47 




48 


40.26 


26.14 


40.14 


26.32 


40.03 


26.49 


39.91 


26.67 


48 




49 


41.09 


26.69 


40.98 


26.87 


40.86 


27.04 


40.74 


27.22 


49 




60 


41.93 


27.23 


41.81 


27.41 


41.69 


27.60 


41.67 


27.78 


50 






Dep. Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 1 Lat. 


. 




67 Deg. 1 


66| Deg;. | 


56) Deg. l 


661 Deg. 



TRAVERSE TABLE. 





BBSB 


BB^^ 




a^sssm 










^H 




• 


381 


SSiDeg. 


33iDef. 


3S| Dcf . 

• 


1 




Lat« 


Dep. 1 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 




51 


48.77 


87.78 


48.65 


27.96 


42.53 


28.15 


42.40 


88.33 


61 




58 


43.61 


88.32 


43.49 


28.51 


43.36 


28.70 


43.24 


88.89 


53 




53 


44.45 


88.87 


44.32 


89.06 


44.20 


29.25 


44.07 


89.45 


63 




64 


45.89 


89.41 


45.16 


89.61 


45.03 


29.80 


44.90 


30.00 


64 


1 


55 


46.13 


89.96 


46.00 


30.16 


45.86 


30.36 


45.73 


30.56 


65 


* 


56 


46.97 


30.50 


46.83 


30.70 


46.70 


30.91 


46.56 


31.11 


66 




57 


47.80 


31.04 


47.67 


31.25 


47.53 


31.46 


47.39 


31.67 


57 




68 


48.64 


31.69 


48.50 


31.80 


48.37 


32.01 


48.23 


38.88 


68 




59 


49.48 


38.13 


49.34 


32.35 


49.20 


32.56 


49.06 


38.78 


69 




00 


50.32 


38.68 


50.18 


32.90 


50.08 


33.12 


49.89 


33.33 


60 




61 


51.16 


33.82 


51.01 


33.45 


50.87 


33.67 


50.72 


33.89 


61 




6S 


58.00 


38.77 


51.85 


33.99 


51.70 


34.28 


51.55 


34.45 


63 




63 


58.84 


34.31 


52.69 


34.54 


52.63 


34.77 


62.38 


35.00 


63 




64 


53.67 


34.86 


53.52 


35.09 


53.37 


35.38 


63.21 


35.56 


64 




65 


>4.51 


35.40 


64.36 


35.64 


54.20 


35.88 


54.05 


36.11 


65 




66 


55.35 


35.95 


55.19 


36.19 


55.04 


36.43 


54.88 


36.67 


66 




67 


56.19 


36.49 


56.03 


36.74 


55.87 


36.98 


55.71 


37.38 


67 




68 


57.08 


37.04 


56.87 


37.28 


56.70 


37.53 


56.64 


37.78 


68 




69 


57.87 


37.58 


57.70 


37.83 


57.54 


38.08 


57.37 


38.33 


69 




70 


58.71 


38.12 


58.54 


38.38 


68.37 


38.64 


68.80 


38.89 


70 




71 


59.55 


38.67 


59.38 


38.93 


#9.21 
60.04 


39.19 


69.08 


39.45 


71 




72 


60.38 


39.21 


60.21 


39.48 


^9.74 


69.87 


40.00 


73 




73 


61.88 


39.76 


61.05 


40.03 


60.87 


40.89 


60.70 


40.66 


73 




74 


68.06 


40.30 


61.88 


40.57 


61.71 


40.84 


61.63 


41.11 


74 




75 


62.90 


40.85 


62.72 


41.12 


62.54 


41.40 


63.36 


41.67 


75 




76 


63.74 


41.39 


63.56 


41.67 


63.38 


41.95 


63.19 


48.38 


76 




77 


64.58 


41.94 


64.39 


42.22 


64.21 


48.50 


64.08 


48.78 


77 

_ 




78 


65.48 


48.48 


65.23 


42.77 


65.04 


43.06 


64.86 


43.33 


78 




79 


66.85 


43.03 


66.07 


43.32 


65.88 


43.60 


65.69 


43.89 


79 




80 
81 


67.09 


43.57 


66.90 


43.86 


66.71 


44.15 


66.58 


44.46 


80 

81 




67.93 


44.13 


67.74 


44.41 


67.64 


44.71 


67.36 


45.00 




88 


68.77 


44.66 


68.58 


44.96 


68.38 


tM 


68.18 


45.66 


88 




83 


69.61 


45.80 


69.41 


45.51 


69.21 


69.01 


46.11 


83 




84 


70.45 


45.75 


70.25 


46.06 


70.05 


46.36 


69.84 


46.67 


84 




86 


71.89 


46.89 


71.08 


46.60 


70.88 


46.91 


70.67 


47.88 


85 




86 


72.13 


46.84 


71.92 


47.15 


71.71 


47.47 


71.51 


47.78 


^ 




87 


78.96 


47.38 


72.76 


47.70 


72.66 


48.08 


78.34 


48.33 


87 




88 


73.80 


47.93 


73.59 


48.85 


73.38 


48.67 


73.17 


48.88 


88 




89 


74.64 


48.47 


74.43 


48.80 


74.28 


49.18 


74.00 


49.45 


89 




90 
91 


75.48 


49.08 


75.27 


49.35 


75.05 


40.67 


74.83 


50.00 


90 




76.38 


49.56 


76.10 


49.89 


75.88 


5083 


75.66 


50.56 


91 




98 


77.16 


50.11 


76.94 


50.44 


76.72 


50.78 


76.50 


61.11 


98 




93 


78.00 


50.65 


77.77 


50.99 


77.65 


51.33 


77.33 


61.67 


93 




94 


78.83 


51.20 


78.61 


51.54 


78.39 


51.88 


78.16 


58.33 


94 




95 


79.67 


51.74 


79.45 


52.09 


79.22 


63.43 


78.99 


53.78 


95 




96 


80.51 


53.29 


80.28 


52.64 


80.05 


62.99 


79.88 


63.33 


96 




97 


81. as 


52.83 


81.12 


53.18 


80.89 


53.54 


80.65 


63.89 


97 




98 


82.19 


53.37 


81.96 


53.73 


81.72 


54.09 


81.48 


54.45 


98 




99 


83.03 


53.92 


82.79 


54.28 


82.55 < 


54.64 


83.33 


55.00 


99 




Distance, g 


83.87 


54.46 


83.63 


54.83 


83.39 


55.19 


83.16 


55.56 


100 




Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


• 




57 1 


Deff. 


561 


Deg. 


66i Desr. 


66i 


Dig. 
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TRAVERSE TABLE. 



• 

1 


34Deg:. 


34iDe8r. 


34)Deg. 


341 Deg. 


• 


Lat. Dep. 


Lat. 


Dep. 


fjat. 


Dep. 


Lat. 


Dep. 


0.83 


0.56 


0.83 


0.56 


0.82 


0.57 


0.82 


0.57 


1 


s 


1.66 


1.12 


1.65 


1.13 


1.65 


1.13 


1.64 


1.14 


2 


3 


2.49 


1.68 


2.48 


1.69 


2.47 


1.70 


2.46 


1.71 


3 


4 


3.32 


2.24 


3.31 


2.25 


3.30 


2.27 


3.29 


2.28 


4 


6 


4.16 


2.80 


4.13 


2.81 


4.12 


2.83 


4.11 


2.85 


5 


6 


4.97 


3.36 


4.96 


3.38 


4.94 


3.40 


4.93 


3.42 


6 


7 


5.80 


3.91 


5.79 


3.94 


5.77 


3.96 


5.75 


3.99 


7 


8 


6.63 


4.47 


6.61 


4.50 


6.59 


4.53 


. 6.57 


4.56 


8 


9 


7.46 


5.03 


7.44 


5.07 


7.42 


5.10 


7.39 


5.13 
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s 

• 




Lat. 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


Lat. 


Dep. 




51 


39.07 


32.78 


38.92 


32.95 


38.78 


33.12 


38.64 


33.29 


51 




52 


39.83 


33.42 


39.69 


33.60 


39.54 


33.77 


39.39 


33.94 


62 




53 


40.60 


34.07 


40.45 


34.24 


40.30 


34.42 


40.16 


•34.60 


53 




54 


41.37 


34.71 


41.21 


34.89 


41.06 


35.07 


40.91 


35.25 


64 




55 


42.13 


35.35 


41.98 


35.54 


41.82 


35.72 


41.67 


&.90 


66 




56 


42.90 


36.00 


42.74 


36.18 


42.58 


36.37 


42.42 


36.55 


66 




57 


43.66 


36.64 


43.50 


36.83 


43.34 


37.02 


43.18 


37.21 


57 




58 


44.43 


37.28 


44.27 


37.48 


44.10 


37.67 


43.94 


37.86 


58 




59 


45.20 


37.92 


45.03 


38.12 


44.86 


38.32 


44.70 


38.51 


69 




60 


45.96 


38.57 


45.79 


38.77 


45.62 


38.97 


45.45 


39.17 


60 




61 


46.73 


39.21 


46.66 


39.41 


46.38 


39.62 


46.21 


39.82 


61 




6t 


47.49 


39.85 


47.32 


40.06 


47.15 


40.27 


46.97 


40.47 


62 




63 


48.26 


40.50 


48.08 


40.71 


47.91 


40.92 


47.73' 


41.12 


63 




64 


49.03 


41.14 


48.85 


41.35 


48.67 


41.56 


48.48 


41.78 


64 




65 


49.79 


41.78 


49.61 


42.00 


49.43 


42.21 


49.24 


42.43 


65 




66 


50.56 


42.42 


50.37 


42.64 


50.19 


42.86 


50.00 


43.08 


66 




67 


51.32 


43.07 


51.14 


43.29 


60.95 


43.51 


50.76 


43.73 


67 




68 


52.09 


43.71 


51.90 


43.94 


51.71 


44.16 


61.61 


44.39 


68 




69 


52.86 


44.35 


52.66 


44.58 


52.47 


44.81 


52.27 


45.04 


69 




70 


53.62 


45.00 


53.43 


45.23 


53.23 


45.46 


53.03 


45.69 


70 




71 


54.39 


45.64 


54.19 


45.87 


53.99 


46.11 


63.79 


46.35 


71 




72 


55.16 


46.28 


54.95 


46.52 


54.75 


46.76 


54.54 


47.00 


72 




73 


55.92 


46.92 


55.72 


47.17 


55.51 


47.41 


66.30 


47.65 


73 




74 


56.69 


47.57 


56.48 


47.81 


56.27 


48.06 


56.06 


48.30 


74 




75 


57.45 


48.21 


57.24 


48.46 


57.03 


48.71 


56.82 


48.96 


75 




76 


58.22 


48.85 


58.01 


49.11 


57.79 


49.36 


57.57 


49.61 


76 




77 


58.99 


49.49 


58.77 


49.75 


58.56 


60.01 


68.33 


60.26 


77 




78 


59.75 


50.14 


59.53 


50.40 


59.31 


50.66 


69.09 


60.92 


78 




79 


60.52 


50.78 


60.30 


51.04 


60.07 


51.31 


69.85 


61.57 


79 




80 


61.28 


51.42 


61.06 


51.69 


60.83 


61.96 


60.61 


62.22 


80 




81 


62.05 


52.07 


61.82 


52.34 


61.59 


62.61 


61.38 


62.87 


81 




82 


62.82 


52.71 


62.59 


52.98 


62.35 


53.26 


62.12 


63.53 


82 




83 


63.58 


53.35 


63.35 


53.63 


63.11 


63.90 


62.88 


54.18 


83 




84 


64.35 


53.99 


64.11 


54.27 


63.87 


54.55 


63.64 


54.83 


84 




85 


65.11 


54.64 


64.87 


54.92 


64.63 


55.20 


64.39 


65.48 


85 




86 


65.88 


55.28 


65.64 


56.57 


1 65.39 


55.85 


66.15 


66.14 


86 




87 


66.65 


55.92 


66.40 


56.21 


t 66.16 


56.60 


66.91 


66.79 


87 




88 


67.41 


56.57 


67.16 


56.86 


66.92 


67.16 


66.67 


67.44 


88 




89 


68.18 


57.21 


67.93 


57.60 


67.68 


57.80 


67.42 


58.10 


89 




90 


68.94 


57.85 


68.69 


58.15 


68.44 


68.45 


68.18 


68.75 


90 




91 


69.71 


68.49 


69.45 


58.80 


69.20 


69.10 


68.94 


59.40 


91 




92 


70.48 


59.14 


70.22 


59.44 


69.96 


69.75 


69.70 


60.06 


92 




93 


71.24 


59.78 


70.98 


60.09 


70.72 


60.40 


70.46 


60.71 


93 




94 


72.01 


60.42 


71.74 


60.74 


71.48 


61.05 


71.21 


61.36 


94 




95 


72.77 


61.06 


72.51 


61.38 


72.24 


61.70 


71.97 


62.01 


95 




96 


73.54 


61.71 


73.27 


62.03 


73.00 


62.36 


72.73 


62.66 


96 




97 


74.31 


62.35 


74.03 


62.67 


73.76 


63.00 


73.48 


63.32 


97 




98 


75.07 


62.99 


74.80 


63.32 


74.52 


63.66 


74.24 


63.97 


98 




99 


75.84 


63.64 


75.56 


63.97 


75.28 


64.30 


75.00 


64.62 


99 




100 


76.60 


64.28 


76.32 


64.61 


76.04 


64.94 


75.76 


65.28 


100 


1 


S 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 




SODeff. 




49|Deg:.. 


49iDej. 


49*; 


Def. 
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TRAVERSE TABLE. 







" 1 

41 De;. 


4U Deg. 


41J Deg. 


411 D«(;. 


q 


Lat 


Dep. 


Lat 


Dep. 


Lat 


Dep. 


Lat. 


Dep. 


» 


1 


0.75 


0.66 


0.75 


0.66 


0.75 


0.66 


0.75 


0.67 


1 


2 


1.51 


1.31 


1.50 


1.32 


1.50 


1.33 


1.49 


1.33 


2 


3 


2.26 


1.97 


2.26 


1.98 


2.25 


1.99 


2.24 


2.00 


3 


4 


3.02 


2.62 


3.01 


2.64 


3.00 


2.65 


2.98 


2.66 


4 


5 


3.77 


3.28 


3.76 


3.30 


3.74 


3.31 


3.73 


3.33 


6 


6 


4.53 


3.94 


4.51 


3.96 


4.49 


3.98 


4.48 


4.00 


6 


7 


5.28 


4.59 


5.26 


4.62 


5.24 


4.64 


5.22 


4.66 


7 


8 


6.04 


5.25 


6.01 


5.27 


5.99 


5.30 


5.97 


5.33 


8 




9 


6.79 


6.90 


6.77 


5.93 


6.74 


5.96 


6.71 


5.99 


9 




10 


7.55 


6.56 


7.52 


6.59 


7.49 


6.63 


7.46 


6.66 


10 




11 


8.30 


7.22 


8.27 


7.25 


8.24 


7.29 


8.21 


7.32 


11 




12 


9.06 


7.87 


9.02 


7.91 


8.99 


7.95 


8.95 


7.99 


12 




13 


9.81 


8.53 


9.77 


8.57 


9.74 


8.61 


9.70 


8.66 


13 




14 


10.57 


9.18 


10.53 


9.23 


10.49 


9.28 


10.44 


9.32 


14 




15 


11.32 


9.84 


11.28 


9.89 


11.23 


9.94 


11.19 


9.99 


15 




16 


12.08 


10.50 


12.03 


10.55 


11.98 
li.73 


10.60 


11.94 


10.65 


16 




17 


12.83 


11.15 


12.78 


11.21 


11.26 


12.68 


11.32 


17 




18 


13.58 


11.81 


13.53 


11.87 


13.48 


11.93 


13.43 


11.99 


18 




19 


14.34 


12.47 


14.28 


12.53 


14.23 


12.59 


14.18 


12.65 


19 




20 


15.09 


13.12 


15.04 


13.19 


14.98 


13.25 


14.92 


13.32 


90 




21 


15.85 


13.78 


15.79 


13.85 


15.73 


13.91 


15.67 


13.98 


21 




22 


16.60 


14.43 


16.54 


14.51 


16.48 


14.58 


16.41 


14.65 


S2 




23 


17.36 


15.09 


17.29 


15.16 


17.23 


15.24 


17.16 


15.32 


23 




24 


18.11 


15.75 


18.04 


15.82 


17.97 


15.90 


17.91 


15.98 


24 




25 


18.87 


16.40 


18.80 


16.48 


18.72 


16.57 


18.65 


16.65 


35 




26 


19.62 


17.06 


19.55 


17.14 


19.47 


17.23 


19.40 


17.31 


26 




27 


20.38 


17.71 


90.30 


17.80 


20.22 


17.89 


20.14 


17.98 


27 




28 


21.13 


18.37 


21.05 


18.46 


20.97 


18.55 


20.89 


18.64 


28 




29 


21 .39 


19.03 


21.80 


19.12 


21.72 


19.22 


21.64 


19.31 


29 




30 


22.64 


19.68 


22.56 


19.78 


22.47 


19.88 


22.38 


19.98 


m 




31 


23.40 


20.34 


23.31 


20.44 


23.22 


20.54 


23.13 


20.64 


31 




32 


24.15 


20.99 


24.06 


21.10 


29.97, 


21.20 


23.87 


21.31 


32 




33 


24.91 


21.65 


24.81 


21.76 


24.72 


21.87 


24.62 


21.97 


33 




34 


25.66 


2^.31 


25.56 


22.42 


25.46 


22.53 


25.37 


22.64 


34 




35 


26.41 


22.96 


26.31 


23.08 


26.21 


23.19 


26.11 


23.31 


35 




36 


27.17 


23.62 


27.07 


23.74 


26.96 


23.85 


26.86 


23.97 


36 




37 


27.92 


24.27 


27.82 


24.40 


27.71 


24.52 


27.60 


24.64 


37 




tm 


28.68 


24.93 


28.57 


25.06 


28.46 


25.18 


28.35 


25.30 


% 




39 


29.43 


25.59 


29.32 


25.71 


29.21 


25.84 


29.10 


25.97 


39 




40 


30.19 


26.24 


30.07 


26.37 


29.96 


26.50 


29.84 


26.64 


40 




41 


30.94 


26.90 


30.83 


27.03 


30.71 


27.17 


30.59 


27.30 


41 




42 


31.70 


27.55 


31.58 


27.69 


31.46 


27.83 


31.33 


27.97 


42 




43 


32.45 


28.21 


32.33 


28.35 


32.21 


28.49 


32.08 


28.63 


43 




44 


33.21 


28.87 


33.08 


29.01 


32.95 


29.16 


32.83 


29.30 


44 




45 


33.96 


29.52 


33.83 


29.67 


33.70 


29.82 


33.57 


29.97 


45 




46 


34.72 


30.18 


34.58 


30.33 


34.45 


30.48 


34.32 


30.63 


46 




47 


35.47 


30.83 


35.34 


30.99 


35.20 


31.14 


35.06 


31.30 


47 




48 


36.23 


31.49 


36.09 


31.65 


35.95 


31.81 


35.81 


31.96 


48 




49 


36.98 


32.15 


36.84 


32.31 


36.70 


32.47 


36.56 


32.63 


49 




50 


37.74 


32.80 


37.59 


32.97 


37.45 


33.13 


37.30 


33.29 


50^ 




• 


Dep. 


Lat. 


Dep. 


Lat 


Bep. 


Lat 


Dep. 


Lat 


Q 




1 
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>e«- 


48}Di«. 


48i 


Deg. 


48i 


I>^. 



TRAVERSE TABLE. 



41DiC. 



littt. Dsp. Lat. Dep. Lat. D«p. Lat. 



98.49 
39.S4 
40.00 
40.75 
41.61 
4S.S6 
43.09 
43.77 
44.63 
45.t8 



71 



91 



46.04 
46.79 
47.55 
48.30 
49.06 
49.81 
60.57 
61.38 
6S.07 
52.83 



53.58 
54.34 
55.09 
55.85 
56.00 
57.36 
68.11 
58.87 
50.62 
60.38 



61.13 

61.89 

62.64 

63.40 

64.15 

64.90 

65.66 

66.41 

67.17 i 

67.92 



68.68 

69.43 

70-19 

70.94 

71.70 « 

7i2.45 

73.21 I 

73.96 , 

74.72 . 

75.47 ! 



33.46 
34.12 
34.77 
35.43 
36.08 
36.74 
37.40 
38.05 
38.71 
90.36 



40.02 
40.68 
41.33 
41.99 
42.64 
43.30 
43.96 
44.61 
45.27 
45.92 



46.58 
47.24 
47.89 
48.55 
49.20 
49.86 
60.52 
61.17 
51.83 
52.48 



4UDei:. 



38.34 
39.10 
39.85 
40.60 
41.35 
42.10 
42.85 
43.61 
44.36 
45.11 



45.86 
46.61 
47.37 
48.12 
48.87 
49.62 
50.37 
51.13 
61.88 
52.63 



53.14 
53.80 
54.45 
55.11 
55.76 
56.42 
57.08 
57.73 
58.39 
59.05 



59.70 
60.36 
61.01 
61.67 
62.33 



53.38 
54.13 
54.88 
65.64 
56.39 
57.14 
57.88 
68.64 
59.40 
60.15 



60.90 
61.65 
62.40 
63.15 
63.91 
64.66 
65.41 
66.16 
66.91 
67.67 



40.22 
40.88 
41.64 
42.20 
42.86 
43.62 
44.18 
44.84 
46.49 
46.15 



46.81 
47.47 
48.13 
48.79 
49.45 
50.11 
50.77 
61.43 
52.09 
62.76 



4UD€ff. 



38.20 
38.95 
39.69 
40.44 
41.19 
41.94 
43.69 
43.44 
44.19 
44.94 



45.69 
46.44 
47.18 
47.93 
48.68 
49.43 
60.18 
60.93 
61.68 
52.43 



53.18 
63.93 
64.67 
66.42 
56.17 
56.92 
57.67 
58.42 
50.17 
50.92 



53.41 
54.07 
54-73 
55.38 
56.04 
56.70 
57.36 
58.02 
I 58.66 

! 59.34 

A 



60.67 
61.41 
62.16 
62.91 
63.66 
64.41 
65.16 
<&.91 
66-66 
67-41 



: 60.00 
: 60.66 
' 61.32 
; 61.98 
62.64 
63.30 



68.15 
68.90 
v9«65 
70.40 
71.15 
71.90 
72.65 
73-40 
74.15 
74.90 



33.79 
34.46 
35.12 
35.78 
36.44 
37.11 
37.77 
38.43 
39.09 
39.76 



40.43 
41.06 
41.75 
43.41 
43.07 
43.73 
44.40 
45.06 
45.73 
46.38 



47.05 
47.71 
48.37 
49.03 
49.70 
50.36 
61.02 
61.68 
52.35 
53.01 



53.67 
54.38 
55.00 
55.66 
56.32 
56.99 
57.65 
58.31 
56.97 
59.64 



41}D€ff. 



38.05 
38.79 
39.64 
40.29 
41.03 
41.76 
42.53 
43.27 
44.02 
44.76 



45.61 
46.26 
47.00 
47.75 
48.49 
49.34 
49.99 
50.73 
61.48 
58.22 



52.97 
63.72 
64.46 
65.21 
66.95 
56.70 
87.46 
56.19 
56.94 
59.68 



60.43 
61.18 
61.92 
62.67 
63-41 
64.16 
64.91 
65.65 
66.40 
67-15 



33.96 
34.63 
35.29 
35.96 
36.63 
37.39 
37.96 
38.63 
39.39 
39.95 



40.63 
41.38 
41.95 
43.63 
43.38 
43.95 
44.61 
45.38 
45.95 
46.61 



47.38 
47.94 
48.61 
49.38 
49.94 
50.61 
61.37 
51.94 
53.60 
63.37 



60.39 
60.96 
61.62 
63-29 
63.95 
63.61 
64.27 
64.94 
65.60 
66.28 



67.89 
68-64 
69.36 
70.13 
70.88 
71.62 
72.37 
73.11 
73.86 
74-61 



S3.94 
64.60 
65.27 
55.93 
56.60 
57.27 
67.93 
56.60 
59-26 
5v-93 



81 



J 



J 



«|I>fg?. 



46iD«p. 
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TBAV^UB TA9L& 








^ 


38|I)«C. 


3ttD«f* 


391 Da(. 


? 


1 1 


u^ v^ 


Lai. 


l>^ 


UL 


Dap. 


Lat. 


D^. 


• 


8^9 t.83 


0.77 


0.83 


0.77 


0.84 


0.77 


0.64 


1 


Is 1^ . 1.21 


155 


1.27 


1.54 


1.27 


1.54 


1.28 


2 


Is t.33 ' 189 


2.32 


1.90 


2.31 


1.91 


2.31 


1.92 


3 


1 4 S-ll - S.tf 


3.10 


2.53 


3.09 


2.54 


3.08 


2.56 


4 


Is S-it' 3.16 


3.87 


3.18 


3.86 


3.18 


3.84 


3.20 


6 


« 4.88; 3.78 


4.65 


3.80 


4.63 


3.82 


4.61 


3.84 


8 


1 S.44I 4.41 


6.42 


4.43 


6.40 


4.45 


6.38 


4.48 


7 


8 . 8.28 


6.03 


8.20 


6.06 


6.17 


6.09 


8.16 


6.12 


8 


9. 8.98 


6.88 


8.97 


5.68 


8.94 


6.72 


8.92 


5.75 


9 


18 
11 


, T.n 


8.28 


7.74 


8.33 


7.72 


8.38 


7.89 


6.39 


10 


1 8.56 


8.92 


8.52 


8.96 


8.49 


7.00 


8.46 


7.03 


11 


12 1 9.33 


7.56 


9.29 


7.59 


9.26 


7.63 


9.23 


7.67 


12 


13 


10.10 


8.18 


10.07 


8.23 


10.03 


8.27 


9.99 


8.31 


13 


M 


10.88 


8.81 


10.84 


8.86 


10.80 


8.91 


10.76 


8.95 


14 


tt 


11.68 


9.44 


11.62 


9.49 


11.57 


9.54 


11.63 


9.59 


15 


18 


12.43 


10.07 


12.38 


10.12 


12.36 


10.18 


12.30 


10.23 


16 


17 


13.21 


10.70 


13.16 


10.76 


13.12 


10.81 


13.07 


10.87 


17 


18 


13.99 


11.33 


13.94 


11.39 


13.89 


11.45 


13.84 


11.51 


18 


19 


14.77 


11.96 


14.71 


12.02 


14.66 


12.09 


14.61 


12.15 


19 


29 


15.54 


12.59 


15.49 


12.65 


16.43 


12.72 


16.38 


12.79 


20 


21 


16.38 


13.22 


18.28 
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31.08 


33.78 


31.22 


46 


47 


34.93 


31.46 


34.79 


31.60 


34.66 


31.75 


34.61 


31.90 


47 


48 


35.67 


32.12 


35.63 


32.27 


35.39 


32.43 


36.25 


32.58 


48 


48 


36.41 


32.79 


36.27 


32.95 


36.13 


33.10 


35.98 


33.26 


49 


60 


37.16 


33.46 


37.01 


33.62 


36.86 


33.78 


36.72 


33.94 


50 


1 


Dep. Lat 


Dep. Lat. 


Dep. 1 Lat 


Dep. 


Lat 




48 1>ef. 


47f Deg. 


47i D^. 


47i Deg. 



TRAVERSE TABLE. 
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7 


4SDif. 


42iD«s. 


42iD«s. 


421 Dej. 


• 


• 


UL 


Dep. 


Lat. 


Dep. 


LaU 


Dep. 


Lat. 


Dep. 


61 37.90 


34.13 


37.75 


34.29 


37.60 


34.46 


37.45 
38.18 


34.62 


51 


6S 38.64 


34.79 


38.49 


34.96 


38.34 


35.13 


35.30 


52 


63 


39.39 


36.46 


39.23 


35.64 


39.08 


35.81 


38.92 


35.98 


53 


64 


40.13 


36.13 


39.97 


36.31 


39.81 


36.48 


39.65 


36.66 


54 


65 


40.87 


36.80 


40.71 


36.98 


40.55 


37.16 


40.39 


37.33 


55 


66 


41. 6< 


37.47 


41.45 


37.66 


41.29 


37.83 


41.12 


38.01 


56 


67 


4S.36 


38.14 


42.19 


38.32 


42.02 


38.61 


41.86 


38.69 


57 


68 


43.10 


38.81 


42.93 


39.00 


42.76 


39.18 


42.69 


39.37 


68 


69 


43.86 


39.48 


43.67 


39.67 


43.50 


39.86 


43.32 


40.05 


69 


60 


44.69 


40.15 


44.41 


40.34 


44.24 


40.54 


44.06 


40.73 


60 


61 


46.33 


40.82 


45.15 


41.01 


44.97 


41.21 


44.79 


41.41 


61 


62 


46.07 


41.49 


45.89 


41.69 


45.71 


41.89 


45.63 


42.09 


62 


63 


46.8S 


42.16 


46.63 


42.36 


46.46 


42.56 


46.26 


42.76 


63 


64 


47.66 


42.82 


47.37 


43.03 


47.19 


43.24 


47.00 


43.44 


64 


66 


48.30 


43.49 


48.11 


43.70 


47.92 


43.91 


47.73 


44.12 


65 


66 


49.05 


44.16 


48.85 


44.38 


48.66 


44.59 


48.47 


44.80 


66 


67 


49.79 


44.83 


49.59 


45.05 


49.40 


45.26 


49.20 


45.48 


67 


68 


60.63 


45.50 


50.33 


45.72 


50.13 


46.94 


49.93 


46.16 


68 


69 


61.28 


46.17 


61.07 


46.39 


50.87 


46.62 


50.67 


46.84 


69 


70 


62.02 


46.84 


51.82 


47.07 


61.61 


47.29 


61.40 


47.52 


70 


71 


62.76 


47.61 


52.56 


47.74 


52.85 


47.97 


62.14 


48.19 


71 


7« 


63.61 


48.18 


53.30 


48.41 


53.08 


48.64 


62.87 


48.87 


72 


73 1 64.S6 


48.85 


54.04 


49.08 


53.82 


49.32 


63.61 


49.55 


73 


74 


64.99 


49.52 


54.78 


49.76 


54.56^ 


49.98 


54.34 


50.23 


74 


76 


65.74 


60.18 


55.52 


50.43 


55.30 


60.67 


66.07 


50.91 


75 


76 


66.48 


60.85 


66.26 


51.10 


56.03 


51.34 


65.81 


51.59 


76 


77 


67.22 


51.52 


67.00 


51.77 


56.77 


62.02 


56.54 


62.27 


77 


78 


67.97 


52.19 


67.74 


52.44 


57.61 


52.70 


57.28 


52.95 


78 


79 


68.71 


62.86 


58.48 


53.12 


58.24 


53.37 


58.01 


63.63 


79 


80 


69.45 


63.53 


69.22 


53.79 


58.98 


54.05 


58.75 


64.30 


80 


81 


60.19 


54.90 


59.96 


64.46 


59.72 


54.72 


59.48 


64.98 


81 


82 


60.94 


64.87 


60.70 


55.13 


60.46 


65.40 


60.21 


55.66 


82 


83 


61.68 


65.54 


61.44 


55.81 


61.19 


56.07 


60.95 


56.34 


83 


84 


62.42 


56.21 


62.18 


56.48 


61.93 


56.75 


61.68 


57.02 


84 


85 


63.17 


66.88 


62.92 


57.15 


62.67 


57.43 


62.42 


57.70 


85 


86 


63.91 


57.55 


63.66 


57.82 


63.41 


68.10 


63.16 


58.38 


86 


87 


64.66 


68.21 


64.40 


58.50 


64.14 


68.78 


63.89 


59.06 


87 


88 


65.40 


58.88 


65.14 


59.17 


64.^8 


59.45 


64.62 


69.73 


88 


89 


66.14 


69.55 


65.88 


59.84 


65.62 


6(K13 


65.35 


60.41 


89 


90 


66.88 


60.22 


66.62 


60.61 


66.35 


60.80 


66.09 


61.09 


90 


91 


67.63 


60.89 


67.36 


61.19 


67.09 


61.48 


66.82 


61.77 


91 


9f 


68.37 


61.56 


68.10 


61.86 


67.83 


62.16 


67.56 


62.45 


92 


93 


69.11 


62.23 


68.84 


62.53 


68.57 


62.83 


68.29 


63.13 


93 


94 


69.86 


62.90 


69.58 


63.20 


69.30 


63.61 


69.03 


63.81 


94 


95 


70.6^1 63.57 1 


70.32 


63.87 


70.04 


64.18 


69.76 


64.49 


95 


96 


71 .sT 


64.24 


71.06 


64.55 


70.78 


64.86 


70.49 


65.16 


96 


97 


72.08 


64.91 


71.80 


65.22 


71.52 


65.53 


71.23 


65.84 


97 


98 


72.83 


65.67 


72.64 


66.89 


72.25 


66.21 


71.96 


66.52 


98 


99 


73.67 


66.24 


73.28 


66.66 


72.99 


66.88 


72.70 


67.20 


99 


100 


74.31 


66.91 


74.02 


67.24 


73.73 


67.66 


73.43 


67.88 


100 


• 


Dap. Lat. 


Dep. 


Lat 


Dep. 


Lat. 


Dep. 


Lat. 


• 

8 

a 


48D6ff. 


47fDeg:. 


47J 


Dig. 


47iDeg. 
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41 Deg. 


4U Deg. 


411 Deg. 


411 Deg. 


1 




Lat 


Dep. 


Lat 


Dep. 


Lat 


Dep. 


Lat Dep. 


8 




1 


0.75 


0.66 


0.75 


0.66 


0.75 


0.66 


0.75 


0.67 


1 




2 


1.51 


1.31 


1.50 


1.32 


1.50 


1.33 


1.49 


1.33 


2 




3 


2.26 


1.97 


2.26 


1.98 


2.25 


1.99 


2.24 


2.00 


3 




4 


3.02 


2.62 


3.01 


2.64 


3.00 


2.65 


2.98 


2.66 


4 




5 


3.77 


3.28 


3.76 


3.30 


3.74 


3.31 


3.73 


3.33 


6 




6 


4.53 


3.94 


4.51 


3.96 


4.49 


3.98 


4.48 


4.00 


6 




7 


5.28 


4.59 


5.26 


4.62 


5.24 


4.64 


5.22 


4.66 


7 




8 


6.04 


5.25 


6.01 


5.27 


5.99 


5.30 


5.97 


6.33 


8 




9 


6.79 


5.90 


6.77 


5.93 


6.74 


5.96 


6.71 


5.99 


9 




10 


7.55 


6.56 


7.52 


6.59 


7.49 


6.63 


7.46 


6.66 


10 




11 


8.30 


7.22 


8.27 


7.25 


8.24 


7.29 


8.21 


7.32 


11 




12 


9.06 


7.87 


9.02 


7.91 


8.99 


7.95 


8.95 


7.99 


19 




13 


9.81 


8.53 


9.77 


8.57 


9.74 


8.61 


9.70 


8.66 


13 




14 


10.57 


9.18 


10.53 


9.23 


10.49 


8.28 


10.44 


9.32 


14 




15 


11.32 


9.84 


11.28 


9.89 


11.23 


9.94 


11.19 


9.99 


15 




16 


12.08 


10.50 


12.03 


10.55 


11.98 


10.60 


11.94 


10.65 


16 




17 


12.83 


11.15 


12.78 


11.21 


li.73 


11.26 


12.68 


11.32 


17 




18 


13.58 


11.81 


13.53 


11.87 


13.48 


11.93 


13.43 


11.99 


18 




19 


14.34 


12.47 


14.28 


12.53 


14.23 


12.59 


14.18 


12.65 


19 




20 


15.09 


13.12 


15.04 


13.19 


14.98 


13.25 


14.92 


13.32 


90 




SI 


15.85 


13.78 


15.79 


13.85 


15.73 


13.91 


15.67 


13.98 


21 




22 


16.60 


14.43 


16.54 


14.51 


16.48 


14.58 


16.41 


14.65 


92 




23 


17.36 


15.09 


17.29 


15.16 


17.23 


15.24 


17.16 


15.32 


93 




24 


18.11 


15.75 


18.04 


15.82 


17.97 


15.90 


17.91 


15.98 


94 




26 


18.87 


16.40 


18.80 


16.48 


18.72 


16.57 


18.65 


16.65 


95 




26 


19.62 


17.06 


19.55 


17.14 


19.47 


17.23 


19.40 


17.31 


96 




27 


20.38 


17.71 


90.30 


17.80 


20.22 


17.89 


90.14 


17.98 


97 




28 


21.13 


18.37 


21.05 


18.46 


90.97 


18.55 


20.89 


18.64 


98 




29 


21.89 


19.03 


21.80 


19.12 


21.72 


19.22 


21.64 


19.31 


99 




30 


22.64 


19.68 


22.56 


19.78 


22.47 


19.88 


22.38 


19.98 


30 




31 


23.40 


20.34 


23.31 


20.44 


23.22 


20.54 


23.13 


90.64 


31 




32 


24.15 


20.99 


24.06 


21.10 


23.97« 


21.20 


23.87 


21.31 


32 




33 


24.91 


21.65 


24.81 


21.76 


24.72 


21.87 


24.62 


21.97 


33 




34 


25.66 


22.31 


25.56 


22.42 


25.46 


22.53 


25.37 


22.64 


34 




35 


26.41 


22.96 


26.31 


23.08 


26.21 


23.19 


26.11 


23.31 


35 




36 


27.17 


23.62 


27.07 


23.74 


26.96 


23.85 


26.86 


23.97 


36 




37 


27.92 


24.27 


27.82 


24.40 


27.71 


24.52 


27.60 


94.64 


37 




38 


28.68 


24.93 


28.57 


25.06 


28.46 


25.18 


28.35 


25.30 


38 




39 


29.43 


25.59 


29.32 


25.71 


29.21 


25.84 


29.10 


25.97 


39 




40 


30.19 


26.24 


30.07 


26.37 


29.96 


96.50 


29.84 


96.64 


40 




41 


30.94 


26.90 


30.83 


27.03 


30.71 


27.17 


30.59 


27.30 


41 




42 


31.70 


27.55 


31.58 


27.69 


31.46 


27.83 


31.33 


27.97 


49 




43 


32.45 


28.21 


32.33 


28.35 


32.21 


28.49 


32.08 


28.63 


43 




44 


33.21 


28.87 


33.08 


29.01 


32.95 


29.16 


32.83 


29.30 


44 




45 


33.96 


29.52 


33.83 


29.67 


33.70 


29.82 


33.57 


29.97 


45 




46 


34.72 


30.18 


34.58 


30.33 


34.45 


30.48 


34.32 


30.63 


46 




47 


35.47 


30.83 


35.34 


30.99 


35.20 


31.14 


35.06 


31.30 


47 




48 


36.23 


31.49 


36.09 


31.65 


35.95 


31.81 


35.81 


31.96 


48 




49 


36.98 


32.15 


36.84 


32.31 


36.70 


32.47 


36.56 


32.63 


49 




50 


37.74 


32.80 


37.59 


32.97 


37.45 


33.13 


37.30 


33.29 


50 




• 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


Lat 


Dep. 


Lat 


Q 


1 


491 


)•«• 


481 


Deg. 




Deg. 


48i 


Deg. 
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B5 



• 

51 


41 Deflf. 


4HDer. 


41J Dig. 


4«Deg. 


51 


Lat 


Dep. 


Lat 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


38.49 


33.46 


38.34 


33.63 


38.20 


33.79 


38.05 


33.96 


£2 


39.24 


34.12 


39.10 


34.29 


38.95 


34.46 


38.79 


34.63 


52 


53 


40.00 


34.77 


39.85 


34.95 


39.69 


35.12 


39.54 


35.29 


53 


M 


40.75 


36.43 


40.60 


36»60 


40.44 


35.78 


40.29 


35.96 


54 


5$ 


41.51 


36.08 


41.35 


36.26 


41.19 


36.44 


41.03 


36.62 


56 


56 


42.26 


36.74 


42.10 


36.92 


41.94 


37.11 


41.76 


37.29 


56 


67 


43.02 


37.40 


42.85 


37.58 


42.69 


37.77 


42.53 


37.96 


67 


58 


43.77 


38.05 


43.61 


38.24 


43.44 


38.43 


43.27 


38.62 


68 


59 


44.53 


38.71 


44.36 


38.90 


44.19 


30.09 


'44.02 


39.29 


59 


60 
61 


45.28 


38.36 


45.11 


39.56 


44.94 


30.76 


44.76, 


39.95 


60 


46.04 


40.02 


45.86 


40.22 


45.69 


40.42 


45.51 


40.62 


61 


62 


46.79 


40.68 


46.61 


40.88 


46.44 


41.08 


46.26 


41.28 


62 


63 


47.55 


41.33 


47.37 


41.54 


47.18 


41.75 


47.00 


41.95 


63 


64 


48.30 


41.99 


48.12 


42.20 


47.93 


42.41 


47.75 


42.62 


64 


65 


49.06 


42.64 


48.87 


42.86 


48.68 


43.07 


48.49 


43.28 


65 


66 


49.81 


43.30 


49.62 


43.52 


48.43 


43.73 


49.24 


43.95 


66 


67 


50.57 


43.96 


50.37 


44.18 


50.18 


44.40 


49.99 


44.61 


.67 


68 


51.32 


44.61 


51.13 


44.84 


50.93 


45.06 


50.73 


45.28 


68 


69 


52.07 


45.27 


51.88 


45.49 


51.68 


45.72 


51.48 


45.95 


69 


70 


52.83 


45.92 


52.63 


46.15 


52.43 


46.38 


52.22 


46.61 


70 
71 


71 


53.58 


46.58 


53.38 


46.81 


53.18 


47.05 


52.97 


47.28 


72 


54.34 


47.24 


54.13 


47.47 


53.92 


47.71 


53.72 


47.94 


72 


73 


55.09 


47.89 


54.88 


48.13 


54.67 


48.37 


54.46 


48.61 


73 


74 


55.85 


48.55 


55.64 


48.79 


55.42 


49.03 


55.21 


49.28 


74 


75 


56.60 


49.20 


56.39 


49.45 


56.17 


49.70 


55.95 


49.94 


75 


76 


67.36 


48.86 


57.14 


50.11 


56.92 


50.36 


56.70 


50.61 


76 


77 


58.11 


50.52 


57.89 


50.77 


57.67 


51.02 


57.46 


61.27 


77 


78 


58.87 


51.17 


58.64 


51.43 


58.42 


51.68 


58.19 


51.94 


78 


79 


59.62 


51.83 


59.40 


52.09 


59.17 


52.35 


58.94 


52.60 


79 


no 

81 


60.38 


52.48 


60.15 


52.75 


50.92 


53.01 


59.68 


53.27 


80 


61.13 


53.14 


60.90 


53.41 


60.67 


53.67 


60.43 


53.94 


81 


82 


61.89 


53.80 


61.65 


54.07 


61.41 


54.33 


61.18 


54.60 


82 


Ht\ 


62.64 


54.45 


62.40 


54.73 


62.16 


55.00 


61.92 


55.27 


83 


84 


63.40 


55.11 


63.15 


55.38 


62.91 


55.66 


62.67 


55.93 


84 


a<> 


64.15 


55.76 


63.91 


56.04 


63.66 


56.32 


63.41 


56.60 


86 


86 


64.90 


56.42 


64.66 


56.70 


64.41 


56.99 


64.16 


57.27 


86 


87 


65.66 


57.08 


65.41 


57.36 


65.16 


57.65 


64.91 


57.93 


87 


88 


66.41 


57.73 


66.16 


58.02 


65.91 


58.31 


65.65 


58.60 


88 


89 


67.17 


58.39 


66.91 


58.68 


66.66 


58.97 


.66.40 


59.26 


89 


90 
91 


67.92 

• 


59.05 


67.67 


59.34 


67.41 


59.64 


67.15 


59.93 


90 
91 


68.68 


59.70 


68.42 


60.00 


68.15 


60.30 


67.89 


60.60 


92 


69.43 


60.36 


69.17 


60.66 


68.90 


60.96 


68.64 


61.26 


92 


93 


70.19 


61.01 


69.92 


61.32 


69.65 


61.62 


69.38 


61.93 


93 


94 


70.94 


61.67 


70.67 


61.98 


70.40 


62.29 


70.13 


62.59 


94 


95 


71.70 


62.33 


71.43 


62.64 


71.15 


62.95 


70.88 


63.26 


95 


96 


72.45 


62.98 


72.18 


63.30 


71.90 


63.61 


71.62 


63.92 


96 


97 


73.21 


63.64 


72.93 


63.96 


72.65 


64.27 


72.37 


64.59 


97 


98 


73.96 


64.29 


73.68 


64.62 


73.40 


64.94 


73.11 


65.26 


98 


99 


74.72 


64.95 


74.43 


65.28 


74.15 


65.60 


73.86 


65.92 


99 


1 Distance, g 


75*47 


65.61 


75.18 


65.93 


74.90 


66.26 


74.61 


66.59 


100 


Dep. 


L&t. 


Dep. 


Lat 


Dep. 


Lat 


Dep. Lat 


• 


49 ] 


)e«;. 


48} Degr. 

• 


48J 


Deg. 


48^ Deg. 



26 



w 



TRAVERSE TABLE. 





« 


1 

42 D^ 


mD^. 


4MH}^. 


m D«r. 


• 


Lat. D«p. 


L9L 


Dtp. 


Lat. 


Dap. 


Lat 


Dep. 


1 


0.74 


0.67 


0.74 


0.67 


0.74 


0.68 


0.73 


0.68 


1 


8 


1.49 


1.34 


1.48 


1.34 


1.47 


1.35 


1.47 


1.36 


2 


3 


2.23 


2.01 


2.22 


2.02 


2.21 


2.03 


2.20 


2.04 


3 


4 


2.97 


2.68 


2.96 


2.69 


2.95 


2.70 


2.94 


2.72 


4 


B 


3.72 


3.36 


3.70 


3.36 


8.69 


3.38 


3.67 


3.38 


6 


6 


4.46 


4.01 


4.44 


4.03 


4.42 


4.05 


4.41 


4.07 


6 




7 


6.20 


4.68 


6.18 


4.71 


6.16 


4.73 


6.14 


4.75 


7 




8 


6.96 


6.36 


6.92 


6.38 


6.90 


6.40 


6.87 


6.43 


8 




9 


6.69 


6.0^ 


6.66 


6.05 


6.64 


6.08 


6.61 


6.11 


9 




10 


7.43 


6.69 


7.40 


6.72 


7.37 


6.76 


7.34 


6.79 


10 




11 


8.17 


7.36 


8.14 


7.40 


8.11 


7.43 


8.08 


7.47 


11 




12 


8.92 


8.03 


8.88 


8.07 


8.86 


8.11 


8.81 


8.15 


12 




13 


9.66 


8.70 


9.62 


8.74 


9.68 


8.78 


9.66 


8.82 


13 




14 


10.40 


9.37 


10.36 


9.41 


10.32 


9.46 


10.28 


9.50 


14 




16 


11.16 


10.04 


11.10 


10.09 


11.06 


10.13 


11.01 


10.18 


15 




16 


11.89 


10.71 


11.84 


10.76 


11.80 


K).81 


11.76 


10.86 


16 




17 


12.63 


11.38 


12.68 


11.43 


12.53 


11.48 


12.48 


11.64 


17 




18 


13.38 


12.04 


13.32 


12.10 


13.27 


12.16 


13.22 


12.22 


18 




19 


14.12 


12.71 


14.06 


12.77 


14.01 


12.84 


13.96 


12.90 


19 




90 


14.86 


13.38 


14.80 


13.45 


14.76 


13.61 


14.69 


13.68 


20 




21 


16.61 


14.06 


16.64 


14.12 


15.48 


14.19 


15.42 


14.26 


21 




n 


16.35 


14.72 


16.28 


14.79 


16.22 


14.86 


16.16 


14.93 


22 




23 


17.09 


16.39 


17.02 


15.46 


16.96 


15.64 


16.89 


15.61 


23 




24 


17.84 


16.06 


17.77 


16.14 


17.69 


16.21 


17.62 


16.29* 


24 




26 


18.68 


16.73 


16.61 


16.81 


18.43 


16.89 


18.36 


16.97 


25 




26 


19.32 


17.40 


19.26 


17.48 


19.17 


17.57 


19.09 


17.65 


26 




*r 


20.06 


18.07 


19.99 


18.15 


19.91 


18.24 


19.83 


18.33 


27 




28 


20.81 


18.74 


20.73 


18.83 


20.64 18.92 


20.66 


19.01 


28 




29 


21.66 


19.40 


21.47 


19.50 


21.38 19.59 


21.30 


19.69 


29 




30 


22.29 


20.07 


22.21 


20.17 


22.12 


20.27 


22.03 


20.36 


30 




31 


23.04 


20.74 


22.96 


20.84 


22.86 


20.94 


22.76 


21.04 


31 




32 


23.78 


21.41 


23.69 


21.52 


23.59 


21.62 


23.50 


21.72 


32 




33 


24.62 


22.08 


24.43 


22.19 


24.33 


22.29 


24.23 


22.40 


33 




34 


25.27 


22.76 


26.17 


22.86 


25.07 


22.97 


24.97 


23.08 


34 




36 


26.01 


23.42 


26.91 


23.53 


25.80 


23.65 


25.70 


23.76 


35 




36 


26.76 


24.09 


26.66 


24.21 


26.54 


24.32 


26.44 


24.44 


36 




37 


27.60 


24.76 


27.39 


24.88 


27.28 


25.00 


27.17 


25.12 


37 




38 


28.24 


26.43 


28.13 


25.55 


28.02 


25.67 


27.90 


25.79 


38 




39 


28.98 


26.10 


28.87 


26.22 


28.75 


26.35 


28.64 


26.47 


39 




40 


29.73 


26.77* 


29.61 


26.89 


29.49 


27.02 


29.37 


27.15 40 1 




41 


30.47 


27.43 


30.35 


27.67 


30.23 


27.70 


30.11 


27.83 


41 




42 


31.21 


28.10 


31.09 28.24 I 


30.97 


28.37 


30.84 


28.51 


42 




43 


31.96 


28.77 


31.^ 28.91 II 


31.70 


29.05 


31.58 


29.19 


43 




44 


32.70 


29.44 


32.67 


29.58 


32.44 


29.73 


32.31 


29.87 


44 




46 


33.44 


30.11 


33.31 


30.26 


33.18 


30.40 


33.04 


30.55 


46 




46 


34.18 


30.78 


34.05 


30.93 


33.91 


31.08 


33.78 


31.22 


46 




47 


34.93 


31.46 


34.79 


31.60 


34.65 


31.76 


34.51 


31.90 


47 




48 


35.67 


32.12 


35.63 


32.27 


35.39 


32.43 


35.25 


32.68 


48 


481 


36.41 


32.79 


36.27 


32.95 


36.13 


33.10 


36.98 


33.26 


49 




60 


37.16 


33.46 


37.01 


33.62 


36.86 


33.78 


36.72 


33.94 


50 
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Dep. 


Lat 


* 


48Dtg. 1 


47} Deg. 


mDeg. 


47iDeg. 


1 



TRAVERSE TABLE. 



87 



T 


4SDi«. 


4f|D«j. 


42iDeS. 


421 Deg. 


7 

a 


• 
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Dep. 
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Dep. 
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Dep. 
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51 


37.90 


34.13 


37.75 


34.29 


37.60 


34.46 


37.46 


34.62 61 1 


62 


38.64 


34.79 


38.49 


34.96 


38.34 


35.13 


38.18 


35.30 


62 


53 


38.39 


35.46 


39.23 


35.64 


39.08 


35.81 


38.92 


35.98 


63 


54 


40.13 


36.13 


39.97 


36.31 


39.81 


36.48 


39.65 


36.66 


54 


55 


40.87 


36.80 


40.71 


36.98 


40.55 


37.16 


40.39 


37.33 


56 


56 


41.62 


37.47 


41.45 


37.65 


41.29 


37.83 


41.12 


38.01 


56 


57 


42.36 


38.14 


42.19 


38.32 


42.02 


38.51 


41.86 


38.69 


57 


58 


43.10 


38.81 


42.93 


39.00 


42.76 


39.18 


42.59 


39.37 


68 


59 


43.85 


39.48 


43.67 


39.67 


43.50 


39.86 


43.32 


40.06 


59 


eo 


44.59 


40.15 


44.41 


40.34 


44.24 


40.54 


44.06 


40.73 


60 


61 


45.33 


40.82 


45.15 


41.01 


44.97 


41.21 


44.79 


41.41 


IT 


62 


46.07 


41.49 


46.89 


41.69 


45.71 


41.89 


45.53 


42.09 


62 


63 


46.82 


42.16 


46.63 


42.36 


46.45 


42.66 


46.26 


42.76 


63 


64 


47.66 


42.82 


47.37 


43.03 


47.19 


43.24 


47.00 


43.44 


64 


65 


48.30 


43.49 


48.11 


43.70 


47.92 


43.91 


47.73 


44.12 


65 


66 


49.05 


44.16 


48.85 


44.38 


48.66 


44.59 


48.47 


44.80 


66 


67 


49.79 


44.83 


49.69 


46.05 


49.40 


46.26 


49.20 


46.48 


67 


68 


50.53 


45.50 


50.33 


45.72 


50.13 


45.94 


49.93 


46.16 


68 


69 


51.28 


46.17 


51.07 


46.39 


60.87 


46.62 


50.67 


46.84 


69 


70 


52.02 


46.84 


51.82 


47.07 


51.61 


47.29 


51.40 


47.62 


70 


"tT 


52.76 


47.51 


52.66 


47.74 


52.05 


47.97 


62.14 


48.19 


71 


72 


53.51 


48.18 


53.30 


48.41 


53.08 


48.64 


52.87 


48.87 


72 


73 


54.25 


48.85 


54.04 


49.08 


63.82 


49.32 


53.61 


49.65 


73 


74 


54.99 


49.52 


64.78 


49.76 


54.56" 


49.99 


54.34 


50.23 


74 


75 


55.74 


50.18 


55.62 


60.43 


66.30 


60.67 


55.07 


50.91 


76 


76 


66.48 


50.85 


56.26 


61.10 


66.03 


51.34 


55.81 


51.59 


76 


77 


57.22 


51.52 


67.00 


61.77 


66.77 


52.02 


56.54 


52.27 


77 


78 


57.97 


52.19 


67.74 


62.44 


67.51 


62.70 


67.28 


52.95 


78 


79 


58.71 


52.86 


68.48 


53.12 


58.24 


63.37 


58.01 


63.63 


79 


80 


59.45 


53.63 


69.22 


53.79 


68.98 


54.06 


58.76 


54.30 


80 


81 


60.19 


64.20 


69.96 


54.46 


69.72 


64.72 


59.48 


54.98 


81 


82 


60.94 


54.87 


60.70 


66.13 


60.46 


56.40 


60.21 


65.66 


82 


83 


61.68 


55.54 


61.44 


56.81 


61.19 


66.07 


60.95 
61.68 


66.34 


83 


84 


62.42 


56.21 


62.18 


66.48 


61.93 


66.75 


57.02 


84 


85 


63.17 


56.88 


62.92 


57.16 


62.67 


67.43 


62.42 


57.70 


85 


86 


63.91 


57.55 


63.66 


57.82 


63.41 


58.10 


63.15 


58.38 


86 


87 


64.65 


58.21 


64.40 


68.60 


64.14 


58.78 


63.89 


59.06 


87 


88 


65.40 


58.88 


66.14 


69.17 


64.^8 


59.46 


64.62 


69.73 


88 


89 


66.14 


59.55 


66.88 


59.84 


65.62 


6(K13 


66.35 


60.41 


89 


90 


66.88 


60.22 


66.62 


60.51 


66.35 


60.80 


66.09 


61.09 


90 


91 


67.63 


60.89 


67.36 


61.19 


67.09 


61.48 


66.82 


61.77 


91 


92 


68.37 


61.56 


68.10 


61.86 


67.83 


62.15 


67.56 


62.45 


92 


93 


69.11 


62.23 


68.84 


62.63 


68.67 


62.83 


68.29 


63.13 


93 


94 


69.86 


62.90 


69.68 


63.20 


69.30 


63.51 


69.03 


63.81 


94 


95 


70.6(k 


63.57 


70.32 


63.87 


70.04 


64.18 


69.76 


64.49 


95 


96 


71.34^ 


64.24 


71.06 


64.55 


70.78 


64.86 


70.49 


65.16 


96 


97 


72.08 


64.91 


71.80 


65.22 


71.52 


65.63 


71.23 


65.84 


97 


98 


72.83 


65.57 


72.64 


65.89 


72.26 


66.21 


71.96 


66.52 


98 


99 


73.57 


66.24 


73.28 


66.66 


72.99 


66.88 


72.70 


67.20 


99 


100 


74.31 


66.91 


74.02 


67.24 


73.73 


67.56 


73.43 


67.88 


100 


• 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


• 

s 



1 


48Dflg. 


47} Dig. 
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•/ 


43Der- 


4StD«j. 


4SJI>eg. 


4SiDee:. 


m 


Lat. 


Dep. 


Lat 


Dep. 


Lat 


Dep. 


Lat 


Dep. 


1 


0.73 


0.68 


0.73 


0.69 


0.73 


0.69 


0.72 


0.69 


1 


2 


1.46 


1.36 


1.46 


1.37 


1.45 


1.38 


1.44 


1.38 


2 


3 


2.19 


2.05 


2.19 


2.06 


2.18 


2.07 


2.17 


2.07 


3 


4 


2.93 


2.73 


2.91 


2.74 


2.90 


2.75 


2.80 


2.77 


4 


5 


3.66 


3.41 


3.64 


3.43 


3.63 


3.44 


3.61 


3.46 


5 


6 


4.39 


4.09 


4.37 


4rll 


4.35 


4.13 


4.33 


4.15 


6 


7 


5.12 


4.77 


5.10 


4.80 


5.08 


4.82 


5.06 


4.84 


7 


8 


5.85 


5.46 


5.83 


5.48 


5.80 


5.51 


5.78 


5.53 


8 


9 


6.58 


6.14 


6.56 


6.17 


6.53 


6.20 


6.50 


6.22 


9 


10 


7.31 


6.82 


7.28 


6.85 


7.25 


6.88 


7.22 


6.92 


10 


n 


8.04 


7.60 


8.01 


7.54 


7.98 


7.57 


7.95 


7.61 


11 


12 


8.78 


8.18 


8.74 


8.22 


8.70 


8.26 


8.67 


8.30 


12 


13 


9.51 


8.87 


9.47 


8.91 


9.43 


8.95 


9.39 


8.99 


13 


14 


10.24 


9.55 


10.20 


9.59 


10.16 


9.64 


10.11 


9.68 


14 


15 


10.97 


10.23 


10.93 


10.28 


10.88 


10.33 


10.84 


10.37 


15 


16 


11.70 


10.91 


11.65 


10.96 


11.61 


11.01 


11.56 


11.06 


16 


17 


12.43 


11.59 


12.38 


11.65 


12.33 


11.70 


12.28 


11.76 


17 


18 


13.16 


12.28 


13.11 


12.33 


13.06 


12.39 


13.00 


12.45 


18 


19 


13.90 


12.96 


13.84 


13.02 


13.78 


13.08 


13.72 


13.14 


19 


20 


14.63 


13.64 


14.57 


13.70 


14.51 


13.77 


14.45 


13.83 


20 

21 


21 


15.36 


14.32 


15.30 


14.39 


15.23 


14.46 


15.17 


14.52 


22 


16.09 


15.00 


16.02 


15.07 


15.96 


15.14 


15.89 


15.21 


22 


23 


16.82 


15.69 


16.75 


15.76 


16.68 


15.83 


16.61 


15.90 


23 


24 


17.55 


16.37 


17.48 


16.44 


17.41 


16.52 


17.34 


16.60 


24 


25 


18.28 


17.05 


18.21 


17.13 


18.13 


17.21 


18.06 


17.29 


25 


26 


19.02 


17.73 


18.94 


17.81 


18.86 


17.90 


18.78 


17.98 


26 


27 


19.75 


18.41 


19.67 


18.50 


19.59 


18.59 


19.50 


18.67 


27 


28 


20.48 


19.10 


20.39 


19.19 


20.31 


19.27 


20.23 


19.36 


28 


29 


21.21 


19.78 


21.12 


19.87 


21.04 


19.96 


20.95 


20.05 


29 


30 


21.94 


20.46 


21.85 


90.56 


21.76 


20.65 


21.67 


20.75 


30 


31 


22.67 


21.14 


22.58 


21.24 


22.49 


21.34 


22.39 


21.44 


31 


32 


23.40 


21.82 


23.31 


21.93 


23.21 


22.03 


23.12 


22.13 


32 


33 


24.13 


22.51 


24.04 


22.61 


23.94 


22.72 


23.84 


22.82 


33 


34 


24.87 


23.19 


24.76 


23.30 


24.66 


23.40 


24.56 


23.51 


34 


IVi 


25.60 


23.87 


25.49 


23.98 


25.39 


24.09 


25.28 


24.20 


35 


36 


26.33 


24.55 


26.22 


24.67 


26.11 


24.78 


26.01 


24.89 


36 


37 


27.06 


25.23 


26.95 


25.35 


26.84 


25.47 


26.73 


25.59 


37 


38 


27.79 


25.92 


27.68 


26.04 


27.56 


26.16 


27.45 


26.28 


38 


39 


28.52 


26.60 
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26.72 


28.29 


26.85 


28.17 


26.97 


39 


40 


29.25 


27.28 


29.13 


27.41 


29.01 


27.53 


28.89 


27.66 


40 


41 


29.99 


27.96 


29.86 


28.09 


29.74 


28.22 


29.62 


28.35 


41 


42 


30.72 


28.64 


30.59 


28.78 


30.47 


28.91 


30.34 


29.04 


42 


43 
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29.33 


31.32 


29.46 
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29.60 


31.06 
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43 


44 
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31.92 


30.29 


31.78 


30.43 


44 
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32.78 


30.83 


32.64 


30.98 


32.51 
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45 


46 


33.64 


31.37 


33.51 


31.52 


33.37 


31.66 


33.23 


31.81 


46 


47 


34.37 


32.05 


34.23 


32.20 


34.09 


32.35 


33.95 


32.50 


47 


48 


35.10 


32.74 


34.96 


32.89 


34.82 


33.04 


34.67 


33.19 


48 


49 


35.84 


33.42 


35.69 


33.57 


35.54 


33.73 


35.40 


33.88 


49 


50 


36.57 


34.10 


36.42 


34.26 


36.27 


34.42 


36.12 


34.58 
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37.88 
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52 




55 


38.7« 


36.15 
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36.31 
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37.00 
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37.34 
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37.51 


40.06 


37.69 


39.90 


37.86 
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38.03 


56 1 
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40.96 


38.10 


40.79 


38.37 


40.62 


38.55 


40.45 


38.72 
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41.69 


38.87 


41.52 


39.06 


41.35 


39.24 


41.17 


39.42 


57 
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39.56 
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39.74 


42.07 
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40.11 
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40.24 
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40.43 


42.80 
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44.43 


4t.80 


44.25 


41.09 


44.06 


42.18 
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45.34 


42.28 


45.16 


42.48 


44.97 


42.68 


44.79 


42.87 


62 




63 


46.08 


42.97 


45.89 


43.17 


45.70 


43.37 


45.51. 


43.57 


63 




64 


46.81 


43.65 


46.62 


43.85 


46.42 


44.05 


46.23 


44.26 


64 




65 


47.54 


44.33 


47.34 


44.54 


47.15 


44.74 


46.95 


44.95 
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48.27 


45.01 


48.07 


45.22 


47.87 


45.43 


47.68 


45.64 


66 




67 


49.00 


45.69 


48.80 


45.91 


48.60 


46.12 


48.40 


46.33 


67 




68 


49.73 


46.38 


49.53 


46.59 


49.^ 


46.81 


49.12 


47.02 


68 




69 


50.46 


47.06 


50.26 


47.28 


50.05 


47.50 


49.84 


47.71 


69 




70 


51.19 


47.74 


50.99 


47.96 


50.78 


48.18 


90.57 


48.41 


70 




71 


61.93 


48.42 


51.71 


48.65. 


51.50 


48.87 


51.29 


49.10 


71 




72 


52.66 


49.10 


52.«4 


49.33 


52.23 


49.56 


52.01 


49.79 


72 




73 


53.39 


49.79 


53-17 


50.02 


52.95 


50.25 


52.73 


50.48 


73 




74 


54.12 


50.47 


53.90 


50.70 


53.68 


50.94 


53.45 


51.17 


74 




76 


54.85 


51.15 


54.63 


51.39 


54.40 


51.63 


54.18 


51.86 


75 




76 


55.58 


51.83 


55.36 


52.07 


55.13 


52.31 


54.90 


52.55 


76 




77 


56.31 


52.51 


56.08 


52.76 


55.85 


53.00 


55.62 


53.25 


77 




78 


57.05 


53.S0 


56.81 


53.44 


56.58 


53.69 


96.34 


53.94 


78 




79 


57.78 


53.88 


57.64 


54.13 


57.30 


54.38 


57.07 


54.63 


79 




80 


58.51 


54.56 


58.27 


54.81 


58.03 


55.07 


57.79 


55.32 


80 




81 


59.24 


55.24 


59.00 


55.£X> 


58.76 


55.76 


58.51 


56.01 


81 




B2 


59.97 


'55.92 


59.73 


56.18 


59.48 


56.45 


59.23 


56.70 


82 




83 


60.70 


56.61 


60.46 


56.87 


60.21 


57.13 


59.96 


57.40 


H3 




84 


61.43 


57.29 


61.18 


57.56 


60.93 


57.62 


60.68 


58.09 


84 




85 


62.17 


57.97 


61.91 


58.24 


61.66 


58.51 


61.40 


58.78 


85 




86 


62.90 


58.65 


62.64 


58.93 


62.38 


59.20 


62.12 


59.47 


86 




87 


63.63 


59.33 


63.37 


59.61 


63.11 


59.89 


62.85 


60.16 


87 




88 


64.36 


60.02 


64.10 


60.30 


63.83 


60.58 


63.57 


60.85 


88 




89 


65.09 


60.70 


64.82 


60.98 


64.56 


61.26 


64.29 


61.54 


89 




90 


65.82 


61.38 


65.55 


61.67 


65.28 


61.95 


65.01 


62.24 


90 




91 


66.55 


62.06 


66.28 


62.35 


66.01 


02.64 


65.74 


62.93' 


91 




92 


67.28 


62.74 


67.01 


63.04 


66.73 


63.33 


66.46 


63.62 


92 




93 


68.02 


63.43 


67.74 


63.72 


67.46 


64.02 


67.18 


64.31 


93 




94 


68.75 


64.11 


68.47 


64.41 


68.19 


64.71 


67.90 


65.00 


94 




95 


69.48 


64.79 


69.20 


65.09 


68.91 


65.39 


68.62 


65.69 


95 




96 


70.21 


65.47 


69.92 


65.78 


69.64 


66.08 


69.35 


66f39 


96 




97 


70.94 


66.15 


70.65 


66.46 


70.36 


66.77 


70.07 


67.08 


97 




98 


71.67 


66.84 


71.37 


67.15 


71.09 


67.46 


70.79 


67.77 


98 




99 


72.40 


67.52 


72.11 


67.83 


71.81 


68.15 


71.51 


68.46 


99 




100 


73.14 


68.20 


72.84 


68.52 


72.64 


68.84 


72.24 


69.15 


100 




• 

8 

Q 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


• 

o 

1 

.3 

Q 




47D«g;. 


46} 


i>eg:. 


1 

46}De8:. 


46* 


De;. 



33 



90 



TRAVERSE TABLE. 



D 


44D6g;. 


441 Deg. 


44iD(^. 


44iDeg. 


4BlHg. 


a 
S 

• 

1 


s 

m 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


Lat 


Dep. 


1 


0.72 


0.69 


0.72 


0.70 


0.71 


0.70 


0.71 


0.71 


0.71 


0.71 


2 


1.44 


1.39 


1.43 


1.40 


1.43 


1.40 


1.42 


1.41 


1.41 


1.41 


2 


3 


2.16 


2.08 


2.15 


2.09 


2.14 


2.10 


2.13 


2.11 


2.12 


2.12 


3 


4 


2.88 


i:.78 


2.87 


2.79 


2.85 


2.80 


2.84 


2.82 


2.83 


2.83 


4 1 


5 


3.60 


3.47 


3.58 


3.49 


3.67 


3.50 


3.55 


3.52 


3.54 


3.54 


O 


6 


4.32 


4.17 


4.30 


4.19 


4.28 


4.21 


4.26 


4.22 


4.24 


4.24 


6 


7 


5.04 


4.86 


5.01 


4.88 


4.99 


4.91 


4.97 


4.93 


4.95 


4.95 


7 


8 


5.75 


5.56 


5.73 


5.58 


5.71 


5.61 


5.68 5.63 


5.66 


5.66 


8 


9 


6.47 


6.25 


6.45 


6.28 


6.42 6.311 


6.39 


6.34 


6.36 


6.36 


9 


10 
11 


7.19 


6.95 


7.16 


6.98 


7.13 


7.01 


7.10 


7.04 


7.07 


7.07 


10 
11 


7.91 


7.64 


7.88 


7.68 


7.85 


7.71 


7.81 


7.74 


7.78 


7.78 


12 


8.63 


8.34 


8.60 


8.37 


8.56 


8.41 


8.52 


8.45 


8.49 


8.49 


12 


13 


9.35 


9.03 


9.31 


9.07 


9.27 


9.11 


9.23 9.151 


9.19 


9.19 


13 


14 


10.07 


9.73 


10.03 


9.77 


9.99 


9.81 


9.94 


9.86 


9.90 9.90 


14 


15 


10.79 


10.42 


10.74 


10.47 


10.70 


10.51 


10.65 


10.56 


10.61 


10.61 


15 


16 


11.51 


11.11 


11.46 


11.16 


11.41 


11.21 


11.36 


11.26 


11.31 


11.31 


16 


17 


12.23 


11.81 


12.18 


11.86 


12.13 


11.92 


12.07 


11.97 


12.02 


12.02 


17 


18 


12.95 


12.50 


12.89 


12.56 


12.84 


12.62 


12.78 


12.67 


12.73 


12.73 


18 


19 


13.67 


13.20 


13.61 


13.26 


13.55 


13.32 


13.49 


13.38 


13.43 


13.43 


19 


90 
21 


14.39 


13.89 


14.33 


13.96 


14.26 


14.02 


14.20 


14.08 


14.14 


14.14 


20 

21 


15.11 


14.59 


15.04 


14.65 


14.98 


14.72 


14.91 


14.78 


14.85 


H.as 


22 


15.83 


15.28 


15.76 


15.35 


15.69 


15.42 


15^2 


15.48 


15.56 


15.56 


22 


23 


16.54 


15.98 


16.47 


16.05 


16.40 


16.12 


16.33 


16.19 


16.26 


16.26 


23 


24 


17.26 


16.67 


17.19 


16.75 


17.12 


16.82 


17.04 


16.90 


16.97 


16.97 


24 


25 


17.98 


17.37 


17.91 


17.44 


17.83 


17.5^ 


17.75 


17.60 


17.68 


17.68 


25 


26 


18.70 


18.06 


18.62 


18.14 


18.54 


18.22 


18.46 


18.30 


18.38 


18.38 


26 


27 


19.42 


18.76 


19.34 


18.84 


19.26 


18.92 


19.17 


19.01 


19.09 


19.09 


27 


28 


20.14 


19.45 


20.06 


19.54 


19.97 


19.63 


19.89 


19.71 


19.80 


19.80 


28 


29 


20.86 


20.15 


20.77 


20.24 


20.68 


20.33 


20.60 


20.42 


20.51 


20.51 


29 


30 

31 


21.58 


20.84 


21.49 


^.93 


21.40 


21.03 


21.31 


21.12 


21.21 


21.21 


30 
31 


22.3Q 


21.53 


22.21 


21.63 


22.11 


21.73 


22.02 


21.82 


21.92 


21.92 


32 


23.02 


22.23 


22.92 


22.33 


22.82 


22.43 


22.73 


22.53 


22.63 


22.63 


32 


33 


23.74 


22.92 


23.64 


23.03 


23.54 


23.13 


23.44 


23.23 


23.33 


23.33 


33 


34 


24.46 


23.62 


24.35 


23.72 


24.25 


23.83 


24.15 


23.94 


24.04 


<24.04 


34 


35 


25.18 


24.31 


25.07 


24.42 


24.96 


24.53 


64.86 


24.64 


24.75 


24.75 


35 


36 


25.90 


25.01 


25.79 


25.12 


25.68 


25.23 


25.57 


25.34 


25.46 


25.46 


36 


37 


26.62 


25.70 


26.50 


25.82 


26.39 


25.93 


26.28 


26.05 


26.16 


26.16 


37 


38 


27.33 


26.40 


27.22 


26.52 


27.10 


26.63 


26.99 


26.75 


26.87 


26.87 


.38 


39 


28.a'> 


27.09 


27.94 


27.21 


27.82 


27.34 


27.70 


27.46 


27.58 


27.58 


39 


40 
41 


28.77 


27.79 


28.65 


27.91 


28.53 


28.04 


28.41 


28.16 


28.28 


28.28 


40 
41 


29.49 


28.48 


29.37 


2».6l 


29.24 


28.74 


29.12 


28.86 


28.99 


28.99 


42 


30.21 


29.18 


30.08 


29.31 


29.96 


29.44 


29.83 


29.57 


29.70 


29.70 


■42 


43 


30.93 


29.87 


30.80 


30.00 


30.67 


30.14 


30.54 


30.27 


30.41 


30.41 


43 


44 


31.65 


30.56 


31.52 


30.70 


31.38 


30.84 


31.25 


30.98 


31.11 


31.11 


44 


45 


32.37 


31.26 


32.23 


31*40 


32.10 


31.54 


31.96 


31.68 


31.82 


31.82 


45 


46 


33^09 


31.95 


32.95 


32.10 


32.81 


32.24 


32.67 


32.38 


32.53 


32.53 


46 


47 


33.81 


32.65 


t«.«7 


32.80 


33.52 


32.94 


JI3.:« 


33.09 


33.23 


33.23 


47 


48 


34.53 


33.34 


34.38 


33.49 


34.24 


33.64 


34.09 


33.79 


33.94 


33.94 


48 


49 


35.25 


34.04 


a-^.io 


34.19 


34.95 


34.34 


34.80 


34.50 


34.65 


34.65 


49 


50 

• 

1 


35.97 


34.73 


35.82 


34.89 


35.66 


35.05 
Lat 


35.51 


35.20 


35.36 


35.36 


50; 

• 
9 


Dap. 


Lat 


Dep. 


Lat 


Dep. 


Dep. 


Lat 


Dep. 


Lat 












Fd^ 


46 0flg. 


45}Dn:. 

1 


45iDeg. 


45iDeg. 


46Deg. 


(§ 








■^^■IM 




**^"^^ 










^^iMMH 


^^^^m 



TRAVERSE TABLE. 



91 



s 



51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 



36. 

37.41 

38. 

38. 

39.56 

40.28 

41. 

41. 

42. 

43.16 



71 
72 
73 
74 
75 
76 
77 
78 
79 
80 



81 
82 
83 
84 
85 
86 
87 
88 
89 
90 



91 
92 
93 
94 
95 
96 
«7 
98 
A99 

noo 



«» 
o 

I 

.9 

a 



44Deg. 



Lat. 



6935 



1236 
8437 



43 
44 
45 
46 
46 
47 
48 
48 
49 
50 



Dep. 



.43 

36.12 

.82 

.51 

38.21 

38.90 

00{39.60 

7240.29 

4440.98 

41.68 



.8842.37 
.6043.07 
.3243.76 
.0444.46 
.7645.15 
45.85 
.2046.54 
.9247.24 
.6347.93 
.3548.63 



51 
51 
52 
53 
53 
54 
55 
56 
56 
57 



.07 
.79 
.51 
.23151 



.95 
.67 
.39 
.11 



58.27 

58.99 

59.71 

60. 

61.14 

61.86 

62.58 

63. 

64. 

64.74 



65.46 
66.18 



49.32 
50.02 
50.71 
.40 
52.10 
52.79 
53.49 
54.18 
8354.88 
5555.57 



4268 



3061 
0261 



66.27 
56.96 
57.66 
.35 
59.05 
59.74 
60.44 
.13 
.82 
62.52 



66.9064.60 
67.6265.30 



68.34 
69.06 
69.78 



71.21 



Dep. 



63.21 
63.91 



65.99 
66.69 
67.38 



70.5068.06 



68.77 



71.9369.47 



Lat. 



46Deg. 



44iDn:. 



Lat. 



36.53 

37.25 

37.96 

38.68 

39. 

40.1 

40.83 

41.55 

42.26 

42.98 



4038 
139 



43.69 

44.41 

45.13 

45.84 

46.56 

47.28 

47. 

48. 

49. 

50. 



9946 

7l|47 
42148 
1448 



50.86 

51.57 

52. 

53.01 

53. 

54.44 

55.16 

56.87 

56.59 

57. 



58. 

58.74 

59. 

60. 

60.89 

61.60 

62.32 

63.03 

63.75 

64.47 



65.18 

65. 

66.62 

67.33 

68.05 

68.76 

69.48 

70. 

70.91 

71.63 



Dep. 



Dep. 



35.59 
36.29 
36.98 
37.68 
.38 

39.77 
40.47 
41.17 
41.87 



42.57 
43.26 
43.96 
44.66 
45.36 
46.05 
.76 
.45 
.15 
.85 



MhD«g. 



Lat. 



36.38 

37.09 

37.80 

38.52 

39.23 

39.94 

40.66 

41. 

42.08 

42.79 



37 40 



3055 



49.54 
50.24 

.94 
51.64 

.33 
53.03 
53.73 
54.43 
55.13 

.82 



2950 



7252 



0256 



4557 
1758 



.52 
57.22 
.92 
.61 
59.31 
60.01 
60.71 
61.41 
62.10 
62.80 



9064 



2068 



63.50 
.20 
64.89 
65.59 
66.29 
66.90 
67.69 
.38 
69.08 
69.78 



Lat 



45} Deg^. 



43.51 

44.22 

44.93 

45.65 

46.36 

47.07 

47. 

48.50 

49.21 

49. 



7946 



9349 



42.76 
43.46 
44.16 
44.86 
45.56 
46.26 

.96 
47.66 
48.36 

.06 



50.64 

51. 

52.07 

52. 

53.49 

54.21 

54.92 

55.63 

56.35 

57.06 



35 50 



7851 



57.77 

58. 

59. 

59.91 

60.63 

61.34 

62.05 

62.77 

63.48 

64.19 



64.91 
65.62 
66.33 
67.05 
67.76 
68.47 
69.19 
69.90 
70.61 
71.33 

Dep. 



Dep. 



35.75 
36.45 
37.15 
37.85 
38.55 
39.25 
39.95 
.65 
41.35 
42.05 



49.76 
.47 
61.17 
.87 
52.57 
53.27 
53.97 
54.67 
55.37 
56.07 



4957 
2058 



56.77 

.47 
.18 
58.88 
59.58 
60.28 
60.98 
61.68 
62.38 
63.08 



63.78 
64.48 
65.18 
65.89 
66.59 
67.29 
67.99 
68.69 
69.39 
70.09 

Lat. 



45)Deg. 



44{Deg. 



Lat. 



36. 

36. 

37. 

38.351 

39. 

39. 

40.48 

41.19 

41. 

42.61 



2235 



9336 
6437 



0638 
7739 



9041 



43. 

44. 

44.74 

45.45 

46.16 

46. 

47.58 

48.29 

49. 

49.71 



3242 



03^43 



8746 



00|48 



50. 

51. 

51.84 

52.55 

53.26 

53.97 

54.68 

55.39 

56.10 

56.81 



4249 



1350 



57. 

58.24 

58.95 

59.66 

60.37 

61.08 

61. 

62. 

63.21 

63. 



64. 

65. 

66.05 

66.76 

67. 

68. 

68.89 

69. 

70.31 

71. 



Dep. 



Dep. 



.90 
.61 
.31 

38.02 
.72 
.42 

40.13 

40.83 
.54 

42.24 



.94 

.65 
44.35 
45.06 
45.76 

.46 
47.17 
47.87 

.58 
49.28 



45Deg:. 



Lat. 



36.06 

36. 

37.48 

38. 

36. 

39. 

40.31 

41.01 

41. 

42. 



7736 



1838 
8938 
6039 



7241 



4342 



.98 
.69 
51.39 
52.10 
52.80 
53.51 
54.21 
54.91 
55.62 
56.32 



5257 



7961 
5061 



9263 



.03 

57.73 
58.43 
59.14 
59.84 
60.55 
.25 
.95 
62.66 
.36 



6364 



3464 



4766 
1867 



6068 



0270 



.07 
.77 

65.47 

66.18 
.88 
.69 

68.29 
.99 

69.70 
.40 



Lat. 



4S{ Deg. 



43.13 

43.84 

44.55 

45.25 

45.96 

46.67 

47. 

48.08 

48.79 

49. 



2545 



3847 



5049 



6261 



50.20 

50.91 

51. 

52.33 

53.03 

53.74 

54. 

55.15 

55.86 

56.57 



64 
65 
65 
66 



64.35 

65.05 

65.76 

66.47 

67.1867 

67.8867 

68.5968 

69.3069 

70.0070 

70.7170 



Dep. 



36.06 
.77 

37.48 
.18 
.89 
.60 

40.31 

41.01 
.72 
.43 



43.13 
43.84 
44.55 

.25 
45.96 
46.67 

.38 
48.08 
48.79 

.50 



4554 



50.20 
50.91 

.62 
52.33 
53.03 
53.74 

.45 
55.15 
55.86 
56.57 



57.2857 

57.9857.98 

58.6958.69 

59.4059.40 

60.1060.10 

60.8160.81 

61.5261.52 

62.2362.23 

62.9362.93 

63.6463.64 



.35 
.05 
.76 
.47 
.18 
.88 
.59 
.30 
.00 
.71 



Dep. Lat 
45 Deg. 



I 

s 



51 

52 

53 

54 

55|B 

56^ 

57 

58 

59 

60 



61 
62 
63 
64 
65 
66 
67 
68 
69 
70 



71 
72 
73 
74 
75 
76 
77 
78 
79 
80 



81 
82 
83 
84 
85 
86 
87 
88 
89 
90 



91 
9^ 
93 
94 
95 
96 
97 
98 
99 
100 



I 



A TABLE 



OP 



• LOGARITHMS, 



FROM 1 TO 10,000. 



JVbfo. The index of the logarithm of everj integer 
number consisting of onlj one figure is 0, of two figures 
1, of three figures 2, of four figures 3; being always a 
imit less than the number of figures contained in the 
integer number. In this table, as is generally the case, 
the index to the logarithm of every number above 100 b 
omitted ; yet in the operation must be prefixed according 
to this remark; so the logarithm of 700 is 2,84510, and 
of 7000 is 3,84510, and so of the rest. 



No. 

1 


W. 


Na 


Log- 


No. 


Log. . 


No. 


Log. 


No. 


Log. 


0.00000 


21 


1.32222 


41 


1.61278 


61 


1.78533 


81 


1.90849 


S 


0.30103 


22 


1.34242 


42 


1.62325 


62 


1.79239 


82 


1.91381 


3 


0.477W 


23 


1 .36173 


43 


1.63347 


63 


1.79934 


83 


1.91906 


4 


0.60206 


24 


1.38021 


44 


1.64345 


64 


1.80618 


84 


1.92428 


5 


0.69897 


25 


1.39794 


45 


1.65321 


65 


1.81291 


85 


1.9294S 


6 


0.77815 


26 


1.41497 


46 


1.66276 


66 


1.81964 


86 


1.93450 


7 


0.84510 


27 


1.43136 


47 


1.67210 


67 


1.82607 


87 


1.93952 


8 


0.90309 


28 


1.44716 


48 


1.68124 


68 


1.89251 


88 


1.94448 


9 


0.95424 


29 


1.46240 


49 


1.69020 


69 


1.83885 


89 


1.94939 


10 


1.00000 


30 


1.47712 


50 


1.69897 


70 


1.84510 


90 


1.95424 


11 


1.04139 


31 


1 .49136 


51 


1.70757 


71 


1.85126 


91 


1.95904 


12 


1.07918 


32 


1.50515 


52 


1.71600 


72 


1.85733 


92 


1 96379 
1.9684841 


13 


1.11394 


33 


1.51861 


53 


1.72428 


73 


1.86332 


93 


14 


1.14613 


34 


1 .53148 


54 


1.73239 


74 


1.86923 


94 


1.97313 1 


15 


1 . 17609 


35 


1.54407 


55 


1.74036 


75 


1.87506 


95 


1.97772 


16 


1.20412 


36 


1.55630 


56 


1.74819 


76 


1.88081 


96 


1.98227 


17 


1.23045 


37 


1.56820 


57 


1.76587 


77 


1.88649 


97 


1.98677 


18 


1.25527 


38 


1.57978 


58 


1.76343 


78 


1.89209 


98 


1.99123 


19 


1.27875 


39 


1.59106 


59 


1.77085 


79 


1.89763 


99 


1.99564 


20 


1.30103 


40 


1.60206 


60 


1.77815 


80 


1.90309 


100 


2.00000 



Lc^^thms Sema 1 to ]0,000» 
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No. 
100 





1 


2 


3 


4 


5 


6 


7 


8 


9 




00000 


00043 


00067 


00130 


00173 


00217 


00200 


0030S 


00346 


00889 




101 


00432 


004t5 


00518 


00561 


00604 


00647 


006^ 


00732 


00776 


00817 




102 


00860 


00903 


00945 


00988 


01030 


01072 


01115 


01157 


01199 


01242 




103 


01284 


01326 


01368 


01410 


01452 


01494 


01536 


01578 


01620 


01662 




104 


01703 


01745 


01787 


01828 


01870 


01912 


01953 


01995 


02036 


02078 




la'i 


02119 


02160 


02202 


02243 


02284 


02325 


02366 


02407 


02449 


02490 




106 


02531 


02572 


02612 


02653 


02694 


02735 


02776 


02816 


02857 


02898 




107 


02938 


02979 


03019 


03060 


03100 


03141 


03181 


03222 


03262 


03302 




108 


03342 


03383 


03423 


03463 


03503 


03543 


03583 


03623 


03663 


03703 




109 
110 


03743 


03782 
04179 


03822 
04218 


03862 
04258 


03902 
04297 


03941 


03881 


04021 
04415 


04060 
04454 


04100 




0^4139 


04336 


04376 


04493 




111 


04532 


04571 


04610 


04650 


04689 


04727 


04766 


04805 


04844 


04883 




112 


04922 


04961 


04999 


05038 


05077 


05115 


05154 


05192 


05231 


05269 




113 


05308 


05346 


05385 


05423 


05461 


05500 


05538 


05576 


05614 


05652 




114 


05690 


05729 


05767 


05805 


05843 


05881 


05918 


05956 


05994 


06032 




115 


06070 


06108 


06145 


06183 


06221 


06258 


06296 


06333 


06371 


06408 




116 


06446 


06483 


06521 


06558 


06595 


06633 


06670 


06707 


06744 


06781 




117 


06819 


06856 


06893 


06930 


06967 


07004 


07041 


07078 


07115 


07151 




118 


07188 


07225 


07262 


07298 


07335 


07372 


07408 


07445 


07482 


07518 




119 
120 


07555 


07591 
07954 


07628 
07990 


07664 


07700 
08063 


07737 


07773 
08135 


07809 
08171 


07846 
08207 


07882 




07918 


08027 


08099 


08243 




121 


08279 


08314 


08350 


08386 


08422 


08458 


08493 


08529 


08565 


08600 




122 


08636 


08672 


08707 


08743 


08778 


08814 


08849 


08884 


08920 


08955 




123 


08991 


09026 


09061 


09096 


09132 


09167 


09202 


09237 


09272 


09307 




124 


09342 


09377 


09412 


09447 


09482 


09517 


09552 


09587 


09621 


09656 




125 


09691 


09726 


09760 


09795 


09830 


09864 


09899 


09934 


09968 


10003 




126 


10037 


10072 


10106 


10140 


10175 


10209 


10243 


10278 


10312 


10346 




127 


10380 


10415 


10449 


10483 


10517 


10551 


10585 


10619 


10653 


10687 




128 10721 


1075$ 


10789 


10823 


10857 


10890 


10924 


10958 


10992 


11025 




129 
130 


11059 


11093 


11126 
11461 


11160 
11494 


11193 


11227 
11561 


11261 
11594 


11294 
11628 


11327 


11361 
11694 




11394 


11428 


11528 


11661 




131 


11727 


11760 


11793 


11826 


11860 


11893 


11926 


11959 


11992 


12024 




132 


12057 


12090 


12123 


12156 


12189 


12222 


12254 


12287 


12320 


12352 




1,« 


123a5 


12418 


12450 


12483 


12516 


12548 


12581 


12613 


12646 


12678 




134 


12710 


12743 


12775 


12808 


12840 


12872 


12905 


12937 


12969 


13001 




135 


13033 


13066 


13098 


13130 


13162 


13194 


13226 


13258 


13290 


13322 




136 


13354 


13386 


13418 


13450 


13481 


13513 


13545 


13577 


13609 


13640 




137 


13672 


13704 


13735 


13767 


13799 


13830 


13862 


13893 


13925 


13956 




138 


13988 


14019 


14051 


14082 


14114 


14145 


14176 


14208 


14239 


14270 




139 
140 


14301 
14613 


14333 
14644 


14364 
14675 


14395 
14706 


14426 
14737 


14457 


14489 


14520 
14829 


14551 
14860 


14582 




14768 


14799 


14891 




141 


14922 


14953 


14983 


15014 


15045 


15076 


15106 


15137 


15168 


15198 




142 


15229 


15259 


15290 


15320 


15351 


15381 


15412 


15442 


15473 


15503 




143 


15534 


15564 


15594 


15625 


15655 


15685 


15715 


15746 


15776 


15806 




144 


15836 


15866 


15897 


15927 


15957 


15987 


16017 


16047 


16077 


16107 




145 


16137 


16167 


16197 


16227 


16256 


16286 


16316 


16346 


16376 


16406 




146 


16435 


16465 


16495 


16524 


16554 


16584 


16613 


16643 


16673 


16702 




147 


16732 


16761 


16791 


16820 


16850 


16879 


16909 


16938 


16967 


16997 




148 


17026 


17056 


17085 


17114 


17143 


17173 


17202 


17231 


17260 


17289 




149 


17319 


17348 


17377 


17406 


17435 


17464 


17493 


17522 


17551 


17580 




150 


17609 


17638 


17667 


17696 


17725 


17754 


17782 


17811 


17840 


17869 




151 


17898 


17926 


17955 


17984 


18013 


18041 


18070 


18099 


18127 


18156 




152 


18184 


18213 


18241 


18270 


18298 


18327 


18355 


18384 


18412 


18441 




153 


18469 


18498 


18526 


18554 


18583 


18611 


18639 


18667 


18696 


18724 




154 


18752 


18780 


18808 


18837 


18865 


18893 


18921 


18949 


18977 


19005 




155 


19033 


19061 


19089 


19117 


19145 


19173 


19201 


19229 


19257 


19285 




156 


19312 


19340 


19368 


19396 


19424 


19451 


19479 


19507 


19535 


19562 




157 


19590 


19618 


19645 


19673 


19700 


19728 


19756 


19783 


19811 


19838 




158 


19866 


19893 


19921 


19948 


19976 


20003 


20030120058 


20085 


20112 




159 


120140 


20167 


20194 


20222 


20249 1 20276 1 20303 1 20330 


20358 


20385 



• LOGARIT?; 



FROM 












*. <■ 

»• r 



"V , 



JVb*«. The index of *'.i 
number consisting of ^^rkt^Vxi '- ^ 
1, of three figures 9 : 
unit less than the 
integer number. J 
the index to tb 
omitted; ye^. 

M 

to this rer 
of 7000 ' 








te09 



30^ 
3073O 

3096» 

31175 

31387 

31397 

31806 

32015 

32222 
32428 
32634 
32838 
33041 
33244 
33445 
33646 
33846 
34044 



,0 

ji4S 
29469 
S96BS 
29907 

30125 
30341 
30657 
30771 
30984 
31197 
31408 
31618 
31827 
32035 

32243 
32449 
32654 
32858 
33062 
33264 
33465 
33666 
33866 
34064 



.01 
-^825 
29048 
29270 
29491 
29710 
29929 

30146 
30363 
30578 
30792 
31006 
31218 
31429 
3.1639 
31848 
32056 

32263 
32469 
32675 
32879 
33082 
33284 
33486 
33686 
33885 
34084 



i/l 
28398 
28623 
28847 
29070 
29292 
29513 
29732 
29951 

30168 
30384 
30600 
30814 
31027 
31239 
31450 
31660 
31869 
32077 

32284 
32490 
32695 
32899 
33102 
33304 
33506 
33706 
33905 
34104 



27967 
28194 
28421 
28646 
28870 
29092 
29314 
29535 
29754 
29973 



30190 
30406 
30621 
30835 
31048 
31260 
31471 
31681 
31890 
32098 



32305 
32510 
32715 
329ld 
33122 
33325 
33526 
33726 
33925 
34124 



• oJl 
27761 

27989 
28217 
28443 
28668 
28892 
29115 
29336 
29567 
29776 
29994 

30211 
30428 
30643 
30856 
31069 
31281 
31492 
31702 
31911 
32118 

32325 
32531 
32736 
32940 
33143 
33345 
33546 
33746 
33946 
34143 



-.^323 
27554 
27784 

28012 
28240 
28466 
28691 
28914 
29137 
29358 
29679 
29798 
30016 

30233 
30449 
30664 
30878 
31091 
31302 
31513 
31723 
31931 
32139 

32346 
32552 
32766 
32960 
33163 
33365 
33566 
33766 
33965 
34163 



ar7114 
27346 
27577 
27807 

28035 
28262 
28488 
28713 
28937 
29159 
29380 
29601 
29820 
30038 

30255 
30471 
30685 
30899 
31112 
31323 
31634 
31744 
31952 
^60 

32366 
32572 
^77 
32980 
33183 
33385 
33586 
33786 
3S985 
34183 



26905 
27138 
27370 
27600 
27830 

28058 
28285 
28611 
28735 
28969 
29181 
29403 
29623 
29842 
30060 

30276 
30492 
30707 
30920 
31133 
31345 
31556 
31765 
31973 
32181 

32387 
32693 
32797 
33001 
33203 
33405 
33606 
33806 
34006 
34203 



28061 
28307 
28533 
28768 
28981 
129203 
29425 
29645 
29863 
30081 



96694 
26928 
27161 
27393 
27623 
27852 



30298 
30614 
30728 
30942 
31154 
31366 
31676 
31785 
31994 
32201 



32408 
32613 
32818 
33021 
33224 
33425 
33626 
33826 
34025 



^"OSMthmB from 1 to liifiOO. 



95 













3 

34301 


4 


34321 


34498 


34518 


34694 


34713 


34889 


34908 


35083 


35102 


35276 


35295 


^5468 


35488 


^60 


35679 


1 


35870 




36059 


^6248 


136 




H 



\-ir « »> :^ V * ^ \% ^ ^^ 



* I 



^^gg)) 99637 

•^51 40654 \^«4l 

K^\408a4\^OlO 

1^" \ 40993 \ 41179 

pSA 4l\64 \ 41347 

'19«0\ 4l*»\ 41681 

26a 41*26 42012 

263 Ul»^ 42177 

264 U'iJ^ 43341 

1283 1 *^,B 
\5r!0^7 433W 

1212^16 43632 
1213 ^5 43791 

^248 44264 
14404 44420 
44560 446^6 



JB952 
39129 
39305 
39480 
39655 

39829 
40002 
40175 
40346 
40518 
40688 
40858 
41027 
41196 
41363 

41531 
41697 
41863 
42029 
42193 
42357 
42521 
42684 
42646 
4300 8 

43169 
43329 
43469 
43648 
43807 
43965 
44122 
44279 
44436 
44592 



34341 
34537 
34733 
34928 
35122 
35315 
35507 
35698 
35889 
36078 

36267 

ik>455 

36642 

36829 

^7014 

M99 

83 

1 



6 



^ol4 
38792 
38970 
39146 
39322 
39498 
39672 

39846 
40019 
40192 
40364 
40535 
4070$. 
40875 
41044 
41212 
41380 

41547 
41714 
41880 
42045 
42210 
42374 
42537 
42700 
42862 
43024 

43185 
43345 
43505 
43664 
43823 
43981 
44138 
44295 
44451 
44607 


.4 
J8453 
386^2 
38810 
38987 
39164 
39340 
39515 
39690 


oll2 
38292 
38471 
38650 
38828 
39005 
39182 
39358 
39533 
39707 

39881 
40054 
40226 
40398 
40569 
40739 
40909 
41078 
41246 
41414 

41581 
41747 
41913 
42078 
42243 
42406 
42570 
42732 
42894 
43056 

43217 
43377 
43637 
43696 
43854 
44012 
44170 
44326 
44483 
44638 


39863 
40037 
40209 
40381 
40552 
40722 
40892 
41061 
41229 
41397 

41564 
41731 
41896 
42062 
42226 
42390 
42553 
42716 
42878 
43040 

43201 
43361 
43521 
43680 
43838 
43996 
44154 
44311 
44467 
44623 



34361 
34557 
34753 
34947 
35141 
35334 
35526 
35717 
35908 
36097 < 

36286 
36474 
36661 
36847 
37033 
37218 
37401 
37585 
37767 
37949 

38130 
38310 
38489 
38668 
38846 
39023 
39199 
39375 
39550 
39724 

39898 

40071 

40243 

40415 

40586 

407561 

40926 

41095 

41263 

41430 

41597 
41764 
41929 
42095 
42259 
42423 
42586 
42749 
42911 
43072 

43233 
43393 
43553 
43712 
43870 
44028 
44185 
44342 
44498 
44654 



34380 
34677 
34772 
34967 
35160 
35353 
35545 
35736 
35927 
36116 

36305 
36493 
36680 
36866 
37051 
37236 
37420 
37603 
37786 
37967 

38148 
38328 
38507 
38686 
38863 
39041 
39217 
39393 
39568 
39742 

39915 
40088 
40261 
40432 
40603 
40773 
40943 
41111 
41280 
41447 

41614 
41780 
41946 
42111 
42275 
42439 
42602 
42765 
42927 
43088 

43249 
43409 
4a569 
43727 
43886 
44044 
44201 
44358 
44514 
44669 



8 



34400 
34596 
34792 
34986 
35180 
35372 
35564 
35755 
35946 
36135 

36324 

36511 
36698 
36884 
37070 
37254 
37438 
37621 
37803 
37985 

38166 
38346 
38525 
38703 
38881 
39058 
39235 
39410 
39585 
39759 

39933 
40106 
40278 
40449 
40620 
40790 
40960 
41128 
41296 
41464 

41631 
41797 
41963 
42127 
42992 
42455 
42619 
42781 
42943 
43104 

43265 

43425 

43584 

43743 

43902 

44059 

44217 1 

44373 

44529 

44685 



34420 
34616 
34811 
35005 
35199 
35392 
35583 
35774 
35965 
36154 

36342 
26530 
36717 
36903 
37088 
37273 
37457 
37639 
37822 
38003 

38184 
38364 
38543 
38721 
38899 
39076 
39252 
39428 



39 
39 



^ 



39950 
40123 
40295 
40466 
40637 
40807 
40976 
141145 
41313 
41481 

41647 
41814 
41979 
42144 
42308 
42472 
42635 
42797 
42959 
43120 

4328t 

43441 

48600 

43759 

43917 

44075 

44232 

44389 

44545 

44700 



TRAVERSE TABLE. 





s 


42D««. 


mvtg. 


4tiDif. 


4tiDig. 


q 

• 




Lat. 


Dep. 


Ut 


Dep. 


Lat 


Dep. 


Lat 


Dep. 




1 


0.74 


0.67 


0.74 


0.67 


0.74 


0.68 


0.73 


0.68 


1 




t 


1.48 


1.34 


1.48 


1.34 


1.47 


1.35 


1.47 


1.36 


2 




3 


2.23 


2.01 


2.22 


2.02 


2.21 


2.03 


2.20 


2.04 


3 




4 


2.97 


2.68 


2.96 


2.69 


2.95 


2.70 


2.94 


2.72 


4 




5 


3.72 


3.35 


3.70 


3.36 


3.69 


3.38 


3.67 


3.39 


5 




6 


4.46 


4.01 


4.44 


4.03 


4.42 


4.05 


4.41 


4.07 


6 




7 


6.20 


4.68 


5.18 


4.71 


6.16 


4.73 


6.14 


4.75 


7 




8 


6.95 


5.35 


6*92 


6.38 


6.90 


6.40 


6.87 


5.43 


8 




9 


6.69 


6.osr 


6.66 


6.05 


6.64 


6.08 


6.61 


6.11 


9 




10 


7.43 


6.69 


7.40 


6.72 


7.37 


6.76 


7.34 


6.79 


10 




11 


8.17 


7.36 


8.14 


7.40 


8.11 


7.43 


8.08 


7.47 


11 




12 


8.92 


8.03 


8.88 


8.07 


8.86 


8.11 


8.81 


8.16 


12 




13 


9.66 


8.70 


9.62 


8.74 


9.58 


8.78 


9.56 


8.82 


13 




14 


10.40 


9.37 


10.36 


9.41 


10.32 


9.46 


10.28 


9.50 


14 




16 


11.16 


10.04* 


11.10 


10.09 


11.06 


10.13 


11.01 


10.18 


15 
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63.00 


55.62 


63.25 


77 


78 


57.05 


53.20 


56.81 


63.44 


56.58 


63.69 


56.34 


53.94 


78 


79 


57.78 


53.88 


57.54 


64.13 


67.30 


54.38 


57.07 


64.63 


79 


80 


68.51 


64.56 


58.27 


64.81 


58.03 


55.07 


67.79 


55.32 


80 


81 


59.24 


65.24 


59.00 


55.90 


58.76 


55.76 


68.51 


56.01 


81 


82 


59.97 


'56.92 


59.73 


56.18 


59.48 


56.46 


59.23 


66.70 


82 


83 


60.70 


66.61 


60.46 


56.87 


60.21 


57.13 


59.96 


57.40 


H3 


84 


61.43 


67.29 


61.18 


67.56 


66.93 


57.62 


60.68 


58.09 


84 


a** 


62.17 


57.97 


61.91 


58.24 


61.66 


58.51 


61.40 


68.78 


85 


86 


62.90 


68.65 


62.64 


58.93 


62.38 


59.20 


62.12 


59.47 


86 


87 


63.63 


59.33 


63.37 


59.61 


63.11 


59.89 


62.85 


60.16 


87 


88 


64.36 


60.02 


64.10 


60.30 


63.83 


60.68 


63.57 


60.85 


88 


89 


65.09 


60.70 


64.82 


60.98 


64.56 


61.26 


64.29 


61.54 


89 


90 


65.82 


61.38 


65.55 


6f.67 


65.28 


61.95 


65.01 


62.24 


90 


91 


66.55 


62.06 


66.28 


62.35 


66.01 


62.64 


65.74 


62.93' 


91 


92 


67.28 


62.74 


67.01 


63.04 


66.73 


63.33 


66.46 


63.62 


92 


93 


68.02 


63.43 


67.74 


63.72 


67.46 


64.02 


67.18 


64.31 


93 


94 


68.75 


64.11 


68.47 


64.41 


68.19 


64.71 


67.90 


65.00 


94 


95 


69.48 


64.79 


69.20 


65.09 


68.91 


65.39 


68.62 


65.69 


95 


96 


70.21 


65.47 


69.92 


65.78 


69.64 


66.08 


69.35 


66fd9 


96 


97 


70.94 


66.15 


70.65 


66.46 


70.36 


66.77 


70.07 


67.08 


97 


98 


71.67 


66.84 


71.37 


67.15 


71.09 


67.46 


70.79 


67.77 


98 


99 


72.40 


67.62 


72.11 


67.83 


71.81 


68.15 


71.51 


68.46 


99 


100 


73.14 


68.20 


72.84 


68.52 


72.64 


€8.84 


72.24 


69.15 


100 

• 

1 


• 

s 

Q 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


47Deg. 


46} 


De;. 


46J 


Degr. 


46iDe2:. 



23 



100 



Logarithms from 1 to 10^000. 



No. 

520 





1 


2 


3 


4 


5 


6 


7 


' 8 


T| 




71600 


71609 


71617 


71625 


71634 


71642 


71650 


71650 


71667 


716751 


521 


71684 


71692 


71700 


71709 


71717 


71725 


71734 


71742 


71750 


717591 


522 


71767 


71775 


71784 


71792 


71800 


71809 


71817 


71825 


71834 


718421 


523 


71850 


71858 


71867 


71875 


71883 


71892 


71900 


71908 


71917 


719251 


524 


71933 


71941 


71950 


71958 


71966 


71975 


71983 


71991 


71999 


72O0el 


525 


72016 


72024 


7^032 


72041 


72049 


72057 


78066 


72074 


72082 


72090 


526 


72099 


72107 


72115 


72123 


72132 


72140 


72148 


72166 


72165 


72173 


527 


72181 


72189 


72198 


72206 


72214 


72222 


72230 


72239 


72247 


72255 


528 


72263 


72272 


72280 


72288 


72296 


72304 


72313 


72321 


72329 


72337 


529 
530 


72346 
72428 


72354 
72436 


72362 


72370 
72452 


72378 


72387 


72395 
72477 


72403 
72485 


72411 
72493 


72419 


72444 


72460 


72469 


72501 


531 


72509 


72518 


72626 


72534 


72542 


72550 


72558 


72567 


72576 


72583 


532 


72591 


72599 


72607 


72616 


72624 


72632 


72640 


72648 


72656 


72665 


533 


72673 


72681 


72689 


72697 


72705 


72713 


72722 


72730 


72738 


72746 


534 


72754 


72762 


72770 


72779 


72787 


72795 


72803 


72811 


72819 


72827 


535 


72835 


72843 


72852 


72860 


72868 


72876 


72884 


72892 


72900 


72908 


536 


72916 


72925 


72933 


72941 


72949 


72957 


72965 


72973 


72981 


72989 


537 


72997 


73006 


73014 


73022 


73030 


73038 


73046 


73054 


73062 


73070 


538 


73078 


73086 


73094 


73102 


73111 


73119 


73127 


73135 


73143 


73151 1 




539 
540 


73159 


73167 
73247 


73176 


73183 
73263 


73191 
73272 


73199 


73207 
73288 


73215 


73223 
73304 


73231 1 
73312I 




73239 


73255 


73280 


73296 




541 


73320 


73328 


73336 


73344 


73352 


73360 


73368 


73376 


73384 


73392H 




542 


73400 


73408 


73416 


73424 


73432 


73440 


73448 


73456 


73464 734721 




543 


73480 


73488 


73496 


73604 


73512 


73620 


73528 


73536 


73544 7355ft| 




544 


73560 73568 


73576 


73684 


73592 


73600 


73608 


73616 


73624 


73632 




545 73640 173648 


73656 


73664 


73672 


73679 


73687 


73695 


73703 


73711 




546 


73719 


73727 


73735 


73743 


73751 


73759 


73767 


73775 


73783 


73791 




547 


73799 


73807 


73815 


73823 


73830 


73838 


73846 


73854 


73862 


73870 




548 


73878 


73886 


73894 


73902 


73910 


73918 


73926 


73933 


73941 


73948 




549 
550 


73957 
74036 


73965 
74044 


73973 
74052 


73981 


73989 


73997 
74076 


74005 
74084 


74013 


74020 
74099 


74028 




74060 


74068 


74092 


74107 




551 


74115 


74123 


74131 


74139 


74147 


74155 


74162 


74170 


74178 


74186 




552 


74194 


74202 


74210 


74218 


74226 


74233 


74241 


74249 


74257 


74265 




553 


74273 


74280 


74288 


74296 


74304 


74312 


74320 


74327 


74335 


74343 




554 


74351 


74359 


74367 


74374 


74382 


74390 


74398 


74406 


74414 


74421 




555 


74429 


74437 


74445 


74463 


74461 


74468 


74476 


74484 


74492 


74500 




556 


74507 


74515 


74523 


74531 


74539 


74647 


74554 


74562 


74570 


74578 




557 


74586 


74593 


74601 


74609 


74617 


74624 


74632 


74640 


74648 


74656 




558 


74663 


74671 


74679 


74687 


74695 


74702 


74710 


74718 


74726 


74733 




559 
560 


74741 
74819 


74749 


74757 
74834 


74764 
74842 


74772 
74850 


74780 


74788 
74865 


74796 
74873 


74803 


74811 




74827 


74858 


74881 


74889 




561 


74896 


74904 


74912 


74920 


74927 


74936 


74943 


74950 


74958 


74966 




562 


74974 


74981 


74989 


74997 


75005 


76012 


75020 


75028 


75035 


75043 




563 


75051 


75059 


75066 


76074 


76082 


76089 


75097 


75105 


76113 


75120 




564 


75128 


75136 


76143 


76151 


76159 


75166 


75174 


75182 


75189 


75197 




565 


75205 


75213 


75220 


75228 


75236 


75243 


76251 


75259 


76266 


75274 




566 


751^2 


75289 


75297 


76306 


75312 


76320 


76328 


76335 


75343 


75351 




567 


75358 


75366 


75374 


76381 


75389 


76397 


76404 


75412 


75430 


75427 




568 


75435 


75442 


75460 


75468 


76466 


76473 


76481 


75488 


75496 


75604 




569 
570 


75511 
75587 


76519 
75595 


76526 
76603 


75634 
75610 


76642 
75618 


76549 
75626 


75557 
76633 


76565 
75641 


75572 
75648 


75580 




75656 




571 


75664 


75671 


76679 


76686 


73694 


75702 


75709 


75717 


75724 


75732 




572 


75740 


75747 


75765 


75762 


75770 


75778 


76785 


76793 


75800 


75808 




573 


75815 


75823 


76831 


76838 


76846 


76853 


75861 


75868 


75876 


75884 




574 


75891 


75B99 


75906 


75914 


75921 


76929 


76937 


75944 


75952 


75959 




675 


75967 


75974 


75982 


75989 


75997 


76005 


76012 


76020 


76027 


76035 




576 


76042 


76050 


76057 


76065 


76072 


76080 


76087 


76095 


76103 


76110 




677 


76118 


76125 


76133 


76140 


76148 


76155 


76163 


76170 


76178 


76185 




578 


76193 


76200 


76208 


76215 


76223 


76230 


76238 


76245 


76253 


76260 




579 


76268 I 76275 


76283 


76290 


76298 


76305 


76313 1 76320 


76328 


76335 





Logarithms from 1 to 10,000. 



101 



No. 

^ 
581 
582 
583 
584 
585 
586 
587 
588 
589 

590 
591 
592 
593 
594 
595 
596 
597 
598 
599 

600 
601 
602 
603 
604 
605 
606 
607 
608 
609 

610 
611 
612 
613 
614 
615 
616 
617 
618 
619 

620 
621 
6^ 
623 
624 
625 
626 
627 
628 
629 

630 
631 
632 
633 
634 
6a5 
636 
637 
.638 
' <J39 






1 


2 


3 


4 


5 


6 


76343 
76418 
76492 
76567 
76641 
76716 
76790 
76864 
76938 
77012 


76350 
76425 
76500 
76574 
76649 
76723 
76797 
76871 
76945 
77019 

77093 
77166 
77240 
77313 
77386 
77459 
77532 
77605 
77677 
77750 

77822 
77895 
77967 
78039 
78111 
78183 
78254 
78326 
78398 
78469 

78540 
78611 
78682 
78753 
78824 
78895 
78965 
79036 
79106 
79176 

79246 
79316 
79386 
79456 
79525 
79595 
79664 
79734 
79803 
79872 

79941 
80010 
«0079 
80147 
80216 
80284 
80353 
80421 
80489 
80557 


76358 
76433 
76507 
76582 
76656 
76730 
76805 
76879 
76953 
77026 

77100 
77173 
77247 
77320 
77393 
77466 
77539 
77612 
77685 
77757 

77830 
77902 
77974 
78046 
78118 
78190 
78262 
7«B3 
78405 
78476 

78547 
78618 
78689 
78760 
78831 
78902 
78972 
79043 
79113 
79183 

79253 
79323 
79393 
79463 
79532 
79602 
79671 
79741 
79810 
79879 

79948 
80017 
80085 
80i54 
80223 
80291 
80359 
80428 
80496 
80564 


76365 
76440 
76515 
76589 
76664 
76738 
76812 
76886 
76960 
77034 

77107 
77181 
77254 
77327 
77401 
77474 
77646 
77619 
77692 
77764 


76373 
76448 
76522 
76597 
76671 
76745 
76819 
76893 
76967 
77041 


76380 
76455 
76530 
76604 
76678 
76753 
76827 
76901 
76975 
77048 

77122 
77195 
77269 
77342 
77415 
77488 
77* 
77634 
77706 
77779 

77851 
77924 
77996 
78068 
78140 
78211 
78283 
78355 
78426 
78497 


76388 
76462 
76537 
76612 
76686 
76760 
76834 
76908 
76982 
77056 

77129 
77203 
77276 
77349 
77422 
77496 
77668 
77641 
77714 
77786 


77085 
77159 
77232 
77305 
77379 
77452 
77525 
77597 
77670 
77743 


77115 
77188 
77262 
77335 
77408 
77481 
77554 
77627 
77699 
77772 

77844 
77916 
77988 
78061 
78132 
78204 
78276 
78347 
78419 
78490 

78561 
78633 
78704 
78774 
78845 
78916 
78986 
79057 
79127 
79197 

79267 
79337 
79407 
79477 
79546 
79616 
79685 
79754 
79824 
79893 

79962 
80090 
80099 
80168 
80236 
80305 
80373 
80441 
8a509 
80577 


77815 
77887 
77960 
78032 
78104 
78176 
78247 
78319 
78390 
78462 


77837 
77909 
77981 
78053 
78125 
78197 
78269 
78340 
78412 
78483 

78554 
78625 
78696 
78767 
78838 
78909 
78979 
79050 
79120 
79190 

79260 
79330 
79400 
79470 
79539 
79609 
79678 
79748 
79817 
79886 

79955 
80024 
80092 
80161 
80229 
80298 
80366 
80434 
80502 
80570 


77859 
77931 
78003 
78075 
78147 
78219 
78290 
78362 
78433 
78504 

78576 
78647 
78718 
78789 
78859 
78930 
79000 
79071 
79141 
79211 

79281 
79361 
79421 
79491 
79560 
79630 
79699 
79768 
79837 
79906 


78533 
78604 
78675 
78746 
78817 
78888 
78958 
79029 
79099 
79169 

79239 
79309 
79379 
79449 
79518 
79588 
79657 
79727 
79796 
79865 


78569 
78640 
78711 
78781 
78852 
78923 
78993 
79064 
79134 
79204 

79274 
79344 
79414 
79484 
79553 
79623 
79692 
79761 
79831 
79900 

79969 
80037 
80106 
80175 
80243 
80312 
80380 
80448 
80516 
80584 


79934 
80003 
80072 
80140 
80209 
80277 
80346 
80414 
80482 
80550 


79975 
80044 
80113 
80182 
80250 
80318 
80387 
80455 
80523 
80691 



76396 
76470 
76546 
76619 
76693 
76768 
76842 
76916 
76989 
77063 

77137 
77210 
77283 
77357 
77430 
77603 
77676 
77648 
77721 
77793 

77866 
77938 
78010 
78082 
78154 
78226 
78297 
78369 
78440 
78512 

78583 
78654 
78726 
78796 
78866 
78937 
79007 
79078 
79148 
79218 

79288 
793/8 
79428 
79498 
79567 
79637 
79706 
79775 
79844 
79913 

79982 
80061 
80120 
80188 
80257 
80326 
80393 
80462 
80630 
80698 



8 



76403 
76477 
76662 
76626 
76701 
76776 
76849 
76923 
76997 
77070 

77144 
77217 
77291 
77364 
77437 
77510 
77683 
77666 
77728 
77801 

77873 
77946 
78017 
78089 
78161 
78233 
78306 
78376 
78447 
78519 

78590 
78661 
78732 
78803 
78873 
78944 
79014 
79086 
79166 
79226 

79296 
79365 
781436 
79606 
79674 
79644 
79713 
79782 
79851 
79920 

79989 
80058 
80127 
80196 
80264 
80332 
80400 
80468 
80636 
80604 



9 

76410 
76486 
76669 
76634 
76708 
76782 
76856 
76930 
77004 
77078 

77161 
77225 
77298 
77371 
77444 
77617 
77690 
77663 
77736 
77808 

77880 
77962 
78025 
78097 
78168 
78240 
78312 
78383 
78466 
78526 

78597 
78668 
78739 
78810 
78880 
78961 
79021 
79092 
79162 
79232 

79302 
79372 
79442 
79611 
79681 
79660 
79720 
79789 
79868 
79927 

79996 
80065 
80134 
80202 
80271 
80339 
80407 
80476 
80643 
80611 



27* 



102 




Logarithms from 1 to lOfiOOf 






No. 

640 

641 
642 
643 
644 
645 
646 
647 
648 
649 

j650 
651 
652 
653 
654 
055 
656 
657 
658 
659 

660 
661 
662 
663 
664 
665 
666 
667 
668 
669 

670 
671 
672 
673 
674 
675 
676 
677 
678 
079 

680 
681 
682 
683 
684 
685 
686 
i6B7 
!688 
689 

JGDO 
j691 
692 
693 
694 
695 
696 
697 
698 
\699 





1 


2 


3 


4 


5 


6 


1 


8 


9 


80618 
80686 
80754 
80821 
80889 
80956 
81023 
81090 
81158 
81224 

81291 
81358 
81425 
81491 
81558 
81624 
81690 
81757 
81823 
81889 

81954 
82020 
82086 
82151 
82217 
82282 
82347 
82413 
82478 
82543 


80625 
80693 
80760 
80828 
80895 
80903 
81030 
81097 
81164 
81231 


80632 
80699 
80767 
80835 
80902 
80969 
81037 
81104 
81171 
81238 

81305 
81371 
81438 
81505 
81571 
81637 
81704 
81770 
81836 
81902 


80638 
80706 
80774 
80841 
80909 
80976 
81043 
81111 
81178 
81245 

81311 
81378 
81445 
81511 
81578 
81644 
81J10 
8m6 
81842 
81908 

81974 
82040 
82105 
82171 
82236 
82302 
82367 
82432 
82497 
82562 


80645 
80713 
80781 
80848 
80916 
80983 
81050 
81117 
81184 
81251 

81318 
81385 
81451 
81518 
81584 
81651 
81717 
81783 
81849 
81915 

81981 
82046 
82112 
82178 
82243 
82308 
82373 
82439 
82604 
82569 


80652 
80720 
80787 
80855 
80922 
80990 
81057 
81124 
81191 
81258 


80659 
80726 
80794 
80862 
80929 
80996 
810G4 
81131 
81198 
81265 

81331 
81398 
81465 
81531 
81598 
81664 
81730 
81796 
81862 
81928 

81994 
82060 
82125 
82191 
82256 
82321 
82387 
82452 
82517 
82582 

82646 
82711 
82776 
82840 
82905 
82969 
83033 
83097 
83161 
83225 

83289 
83353 
83417 
83480 
83544 
83607 
83670 
83734 
83797 
83860 

83923 
83985 
84048 
84111 
8411B 
84236 
84298 
84361 
84423 
84485 


80665 
80733 
80801 
80868 
80936 
81003 
81070 
81137 
81204 
81271 

81338 
81405 
81471 
81538 
81604 
81671 
81737 
81803 
81869 
819a5 

82000 
82066 
82132 
82197 
82263 
82328 
82393 
82458 
82523 
82588 


80672 
80740 
80808 
80875 
80943 
81010 
81077 
81144 
81211 
81278 

81345 
81411 
81478 
81544 
81611 
81677 
81743 
81809 
81875 
81941 

82007 
82073 
82138 
82204 
82269 
82334 
82400 
82465 
82530 
82595 


80679 
80747 
80814 
80882 
P0949 
81017 
81084 
81151 
81218 
81285 


81298 
81365 
81431 
81498 
81564 
81631 
81697 
81763 
81829 
81895 


81325 
81391 
81458 
81525 
81591 
81657 
81723 
81790 
81856 
81921 


81351 
8141C 
81485 
81551 
81617 
81684 
81750 
81816 
81882 
81948 


81961 
82027 
82092 
82158 
822^3 
82289 
82354 
82419 
82484 
82549 

82614 
82679 
82743 
82808 
82872 
82937 
83001 
83065 
83129 
83193 


81968 
82033 
82099 
82164 
82230 
82295 
82360 
82426 
82491 
82556 


81987 
82053 
82119 
82184 
82249 
82315 
82380 
82445 
82510 
82575 

82640 

82705 ^ 

82769 

82834 

82898 

82963 

83027 

83091 

83155 

83219 

83283 
83347 
83410 
83474 
83537 
83601 
83664 
83727 
83790 
83853 

83916 
83979 
84042 
84105 
84167 
84230 
84292 
84354 
84417 
84479 


82014 
82079 
82145 
82210 
82276 
82341 
82406 
82471 
82536 
82601 


82607 
82672 
82737 
82802 
82866 
82930 
82995 
83059 
83123 
83187 

83251 
83315 
83378 
83442 
83506 
83569 
83632 
83696 
83759 
83822 

83885 
83948 
84011 
84073 
84136 
84198 
84261 
84323 
84386 
84448 


82620 
82685 
82750 
82814 
82879 
82943 
83008 
83072 
83136 
83200 

83264 
83327 
83391 
83455 
83518 
83582 
83645 
83708 
83771 
83835 

83897 
83960 
84023 
84086 
84148 
84211 
84273 
84336 
84398 
84460 


82627 
82692 
82756 
82821 
82885 
82950 
83014 
83078 
83142 
83206 

83270 
83334 
83398 
83461 
83525 
83588 
83651 
83715 
83778 
83841 

83904 
83967 
84029 
84092 
84155 
84217 
84280 
8434^ 
84404 
84466 


82633 
82698 
82763 
82827 
82892 
82956 
83020 
83085 
83149 
83213 

83276 
83340 
83404 
83467 
83531 
83594 
83658 
83721 
83784 
a3847 

83910 
83973 
84036 
84098 
84161 
84223 
84286 
84348 
84410 
84473 


82653 
82718 
82782 
82847 
82911 
82975 
83040 
83104 
83168 
83232 

83296 
83359 
83423 
83487 
83550 
83613 
83677 
83740 
83803 
83866 

83929 
83992 
84055 
84117 
84180 
84242 
84305 
84367 
84429 
84491 


82659 
82724 
82789 
82853 
82918 
82982 
83046 
83110 
83174 
83238 

83302 
83366 
83429 
83493 
83556 
83620 
83683 
83746 
83809 
83872 

83935 

839981 

8406} 

84123 

84186 

84248 

84311 

84373 

84435 

84497 


82666 
82730 
82795 
82860 
82924 
82988 
83052 
83117 
83181 
83245 


83257 
83321 
83385 
83448 
83512 
83575 
83639 
83702 
83765 
a3828 

83891 
83954 
84017 
84080 
84142 
84205 
84267 
84330 
84392 
84454 


83308 
83372 
83436 
83499 
a't563 
83626 
83689 
83753 
83816 
83879 


83^42 
84004 
84067 
84130 
84192 
84255 
84317 
84379 
84442 
84504 



JjOgarithms from 1 to 10,000. 
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iSo. 
700 





1 


2 3 


4 


5 


6 


7 


8 


9 


B4510 


84516 


84522 


84528 


84535 


84541 


84547 


84553 


84569 


84566 


701 


B4572 


84578 


84584 


84590 


84597 


84603 


84609 


84615 


84621 


84628 


702 


B4634 


84640 


84646 


84662 


84658 


84665 


84671 


84677 


84683 


84689 


703 


84696 


84702 


84708 


84714 


84720 


84726 


84733 


84739 


84745 


84751 


704 


B4757 


84763 


84770 


84776 


84782 


84788 


84794 


84800 


84807 


84813 


706 


84819 


84825 


84831 


84837 


84844 


84850 


8485B 


84862 


84868 


84874 


706 


84880 


84887 


84893 


84899 


84905 


84911 


84917 


84924 


84930 


84936 


707 


84942 


84948 


84954 


84960 


84967 


84973 


84979 


84985 


84991 


84997 


708 


85003 


85009 


85016 


85022 


85028 


85034 


85040 


85046 


85052 


85058 


709 
710 


85065 


86071 

86132 


85077 


85083 


85089 
85150 


a509,5 
86156 


85101 
86163 


85107 


86114 


86120 


85126 


85138 


85144 


85169 


85175 


85181 


711 


85187 851931 


85199 


85205 


85211 


85217 


86224 


85230 


85236 


85242 


712 


85248 


85254 


85260 


85266 


85272 


86278 


85285 


86291 


85297 


86303 


713 


85309 


85315 


85321 


85327 


85333 


85339 


86345 


86362 


86358 


85364 


714 


85370 


85376 


85382 


85388 


86394 


8540O 


85406 


86412 


85418 


85425 


715 


85431 


85437 


85443 


85449 


85465 


85461 


86467 


85473 


85479 


86485 


716 85491 


85497 


85503 


85509 


85516 


85622 


85528 


86534 


85540 


85546 


717 86552 


85558 


85564 


85670 


86576 


86582 


85588 


85594 


86600 


85606 


718 


85612 


85618 


85625 


86631 


85637 


86643 


85649 


85655 


86661 


85667 


1719 
|720 


85673 


85679 
86739 


a5685 
85745 


85691 


86697 
86767 


a5703 
86763 


85709 


86715 


85721 
86781 


85727 


85733 


86751 


85769 


85776 


85788 


721 


85794 


85800 


85806 


85812 


86818 


85824 


85830 


85836 


85842 


85848 


722 


85854 


85860 


85866 


85872 


85876 


86884 


85890 


85896 


85902 


85908 


7^ 


85914 


85920 


85926 


85932 


85938 


86944 


85950 


85956 


85962 


85968 


724 


85974 


85980 


86986 


85992 


85998 


86004 


86010 


86016 


86022 


86028 


725 


86034 


86040 


86046 


86052 


86058 


86064 


86070 


86076 


86082 


86088 


726 


86094 


86100 


86106 


86112 


86118 


86124 


86130 


86136 


86141 


86147 


727 


86153 


86169 


86165 


86171 


86177 


86183 


86189 


86195 


86201 


86207 


728 


86213 


86219 


86225 


86231 


86237 


86243 


86249 


86265 


86261 


86267 


729 
730 


86273 


86279 
86338 


86285 


86291 


86297 


86303 
86362 


86308 


86314 


86320 
86380 


86326 


86332 


86344 


86350 


86356 


86368 


86374 


86386 


731 


86392 


86398 


86404 


86410 


86415 


86421 


86427 


86433 


86439 


86445 


732 


86451 


86467 


86463 


86469 


86475 


86481 


86487 


86493 


86499 


86504 


733 


86510 


86516 


86522 


86528. 


86634 


86540 


86546 


86552 


86558 


86564 


734 


86570 


86576 


86581 


86587 


R6593 


86599 


86605 


86611 


86617 


86623 


735 


86629 


86635 


86641 


86646 


86662 


86658 


86664 


86670 


86676 


86682 


736 


86688 


86694 


86700 


86705 


86711 


86717 


86723 


86729 


86735 


86741 


737 


86747 


86753 


86759 


86764 


86770 


86776 


86782 


86788 


86794 


86800 


738 


86806 


86812 


86817 


86823 


86829 


86835 


86841 


86847 


86853 


86859 


739 


86864 


86870 


86876 


86882 


86888 
86947 


86894 
86953 


86900 
86958 


86906 
86964 


86911 
86970 


86917 


740 


86923 


86929 


86935 


86941 


86976 


741 


86982 


86988 


86994 


86999 


87005 


87011 


87017 


87023 


87029 


87035 


742 


87040 


87046 


87052 


87058 


87064 


87070 


87075 


87081 


87087 


87093 


743 


87099 


87195 


87111 


87116 


87122 


87128 


87134 


87140 


87146 


87151 


744 


87157 


87163 


87169 


87175 


87181 


87186 


87192 


87198 


87204 


87210 


745 


87216 


87221 


87227 


87233 


87239 


87245 


87251 


87256 


87262 


87268 


746 


87274 


87280 


87286 


87291 


87297 


87303 


87309 


87315 


87320 


87326 


747 


87332 


87338 


87344 
87402 


87349 


87355 


87361 


87367 


87373 


87379 


87384 


748 


8739a 


87396 


87408 


87413 


87419 


87425 


87431 


87437 


87442 


749 
750 


87448 


87454 


87460 


87466 


87471 
87529 


87477 
87535 


87483 
87541 


87489 
87647 


87495 
87552 


87500 


87506 


87512 


87518 


87623 


87558 


751 


87564 


87570 


87576 


87681 


87587 


87593 


87599 


87604 


87610 


87616 


752 


87622 


87628 


87633 


87639 


87645 


87651 


87656 


87012 


87668 


87674 


753 


87679 


87685 


87691 


87697 


87703 


87708 


87714 


87720 


87726 


87731 


754 


87737 


87743 


87749. 


87754 


87760 


87766 


87772 


87777 


87783 


87789 


755 


87795 


87800 


87806 


87812 


87818 


87823 


87829 


87836 


87841 


87846 


756 


87852 


87858 


87864 


87869 


87875 


87881 


87887 


87892 


87898 


87904 


757 


87910 


87915 


87921 


87927 


87933 


87938 


87944 


87950 


87955 


87961 


758 


a7967 


87973 


87978 


87984 


87990 


87996 


88001 


88007 


88013 


88018 


759 


88024 1 88030 \ 88036 1 88041 


88047 


88053 


88058 


88064 


88070 


88076 



104 



Logarithms from 1 to 10,000. 



No. 

760 
761 
762 
763 
764 
765 
766 
767 
768 
769 

770 
771 
772 
713 
774 
775 
776 
777 
778 
779 

780 
781 
782 
783 
784 
785 
786 
787 
788 
789 

790 
791 
792 
793 
794 
795 
796 
797 
798 
799 

800 
801 
802 
803 
804 
805 
806 
807 
808 
809 

810 
811 
812 
813 
814 
815 
816 
817 
818 
819 





1 


2 


3 


4 


^ 


88081 
88138 
88195 
88252 
88309 
88366 
88423 
88480 
88536 
88593 


88087 
88144 
88201 
88258 
88315 
88372 
86429 
88485 
^88542 
88596 


88093 
68180 
88207 
88264 
88321 
88377 
884^ 
88491 
88547 
88604 


88098 
88156 
88213 
88270 
88326 
88383 
88440 
88497 
88553 
88610 

88666 
88722 
88779 
88835 
88881 
88947 
89003 
89059 
89115 
89170 


88104 
88161 
88218 
88275 
88332 
88389 
88446 
88502 
88559 
88615 

8^672 
88728 
88784 
88840 
88897 
88953 
89009 
89064 
89120 
89176 


88110 
88167 
88224 
88281 
88338 
88395 
88451 
88508 
88564 
88621 


88649 
88705 
88762 
88818 
88874 
88930 
88986 
88042 
89098 
89154 


88655 
88711 
68767 
88824 
88880 
88936 
88992 
89048 
89104' 
89158 


88660 
88717 
88773 
88828 
88885 
88941 
88997 
89053 
89109 
89165 


88677 
88734 
88790 
88846 
88902 
88858 
89014 
89070 
89126 
89182 


89209 
89265 
89321 
89376 
89432 
89467 
89542 
89597 
89653 
89706 

89763 
89818 
89873 
89927 
89982 
90037 
90091 
90146 
90200 
90255 


89215 
89971 
89326 
89382 
89437 
89492 
89548 
89603 
89658 
89713 


89221 
89276 
89332 
89387 
89443 
89498 
89553 
89609 
89664 
89719 


89226 
89282 
89q37 
89393 
89448 
89504 
89559 
89614 
89669 
89724 


89232 
89287 
89343 
89398 
89454 
89509 
89564 
89620 
89675 
89730 

89785 
89840 
89894 
89949 
90004 
90059 
90113 
90168 
90222 
90276 

90331 
90385 
90439 
90493 
90547 
90601 
90655 
90709 
90763 
90816 

90870 
90924 
90977 
91030 
91084 
91137 
91190 
91243 
91297 
91350 


89237 
89293 
89348 
89404 
89459 
89515 
89570 
89625 
89680 
89735 

89790 
89845 
89900 
89955 
90009 
90064 
90119 
90173 
90227 
90282 


89768 
89823 
89878 
89933 
89988 
90042 
90097 
90151 
90206 
90260 


89774 
89829 
89883 
88938 
89993 
90048 
90102 
90157 
90211 
90266 


89779 
89834 
89889 
89944 
89998 
90053 
90108 
90162 
90217 
90271 


90309 
90363 
90417 
90472 
90526 
90580 
90634 
90687 
90741 
90796 


90814 
90369 
90423 
90477 
90531 
90585 
90639 
90693 
90747 
90800 


90320 
90374 
90428 
90482 
90536 
90590 
90644 
90698 
90752 
90806 


90325 
90380 
90434 
90488 
90542 
90596 
90650 
90703 
90757 
90811 


90336 
90390 
90445 
90499 
90553 
90607 
90660 
90714 
90768 
90822 

90875 
90929 
90982 
91036 
91089 
91142 
91196 
91249 
91302 
91355 


90849 
90902 
90956 
91009 
91062 
91116 
91169 
91222 
91275 
91328 


90854 
90907 
909« 
91014 
91068 
91121 
91174 
91228 
91281 
91334 


90859 
90913 
90966 
91020 
91073 
91126 
91180 
91233 
91286 
91339 


90865 

90918 

90972 

91025 

91078 

91132 

91185! 

91238 

91291 

91344 



6 



88116 
88173 
88230 
88287 
88343 
88400 
88457 
88513 
88570 
88627 

88683 
88739 
88795 
68852 
88908 
88964 
89020 
89076 
89131 
89187 

89243 
89298 
89354 
89409 
89465 
89520 
89575 
89631 
89686 
89741 

89796 
89851 
89905 
89960 
90015 
90069 
90124 
90179 
90233 
90287 

90342 
90396 
90450 
90604 
90558 
90612 
90666 
90720 
90773 
90827 

90881 
90934 
90988 
91041 
91094 
91148 
91201 
91254 
91307 
91360 



88121 
88178 
88235 
88292 
88349 
88406 
88463 
88519 
88576 
88632 

88689 
88745 
88801 
88857 
88913 
88969 
89025 
89081 
89137 
89193 

89S48 
89304 
89360 
89415 
89470 
89526 
89581 
89636 
89691 
89746 

89801 
89856 
89911 
89966 
90020 
90075 
90129 
90184 
90238 
90293 

90347 
90401 
90455 
90509 
90563 
90617 
90671 
90725 
90779 
90832 

90886 
90940 
90993 
91046 
91100 
91153 
91206 
91259 
91312 
91365 



8 



88127 
88184 
88241 
88298 
88355 
88412 
88468 
88525 
88581 
88638 

88694 
88750 
88807 
88863 
88919 
88975 
89031 
89087 
89143 
89198 

89254 
89310 
89365 
89421 
89476 
89531 
89586 
89642 
89697 
89752 

89807 
89862 
89916 
89971 
90026 
90080 
90135 
90189 
90244 
90298 

90352 
90407 
90461 
90515 
90569 
90623 
90677 
90730 
90784 
90838 

90891 
90945 
90998 
91052 
91105 
91158 
91212 
91265 
91318 
91371 



88133 
88190 
88247 
88S04 
88360 
88417 
88474 
88530 
88587 
88643 

88700 
88756 
88812 
88868 
889S5 
88981 
89037 
89092 
89148 
89204 

89260 
89315 
89371 
89426 
89481 
89537 
89592 
89847 
89702 
89757 

89812 
89867 
89922 
89977 
90031 
90086 
90140 
90195 
90S49 
90304 

90358 
90412 
90466 
90620 
90574 
90628 
90682 
90736 
90789 
90843 

90897 
90950 
91004 
91057 
91110 
91164 
91217 
91270 
91323 
91376 



Loearithms &om 1 to I0,000i 



lOd 



No. 

820 
821 
822 
823 
824 
825 
826 
827 
828 
829 

830 
831 
832 
833 
834 
835 
836 
837 
838 
839 

840 
841 
842 
843 
844 
845 
846 
847 
848 
849 

850 
851 
852 
853 
854 
855 
856 
857 
858 
859 

860 
861 
862 
863 
064 
865 
CG6 
867 
868 
869 

870 
871 
872 
873 
874 
875 
876 
877 
878 
879 





1 


2 


3 


4 


5 


6 


7 


8 


9 


91381 
91434 
91487 
91540 
91593 
91645 
91698 
91751 
91803 
91855 

91908 

91960 

92012 

92065 

92117 

92169 

92221 

92273 

92324 

92376 


91387 
91440 
91492 
91545 
91598 
91651 
91703 
91756 
91808 
91861 


91392 
91445 
91498 
91551 
91603 
91656 
91709 
91761 
91814 
91866 


91397 
91450 
91503 
91556 
91609 
91661 
91714 
91766 
91819 
91871 


91403 
91455 
91508 
91561 
91614 
91666 
91719 
91772 
91824 
91876 


91408 
91461 
91514 
91566 
91619 
91672 
91724 
91777 
91829 
91882 


91413 
91466 
91519 
91572 
91624 
91677 
91730 
91782 
91834 
91887 


91418 
91471 
91524 
51677 
91630 
91682 
91735 
91787 
91840 
91892 

91944 
91997 
92049 
92101 
92153 
92205 
92257 

92309 
92361 
92412 

92464 
92516 
92567 
92619 
92670 
92722 
92773 
92824 
92875 
92927 

92978 
93029 
93080 
93131 
93181 
93232 
93283 
93334 
93384 
93435 

9348* 

93536 

93586 

93636 

93687 

93737 

93787 

93837 

93887 

93937 

93987 
94037 
94086 
94136 
94186 
94236 
94285 
94335 
94384 
94433 


91424 
91477 
91529 
91582 
91635 
91687 
91740 
91793 
91845 
91897 


91429 
91482 
91535 
91687 
91640 
91693 
91745 
91798 
91850 
91903 


91913 
91965 
92018 
92070 
92122 
92174 
92226 
92278 
92330 
92381 


91918 
91971 
92023 
92075 
92127 
92179 
92231 
92283 
92335 
92387 


91924 
91976 
92028 
92080 
92132 
92184 
92236 
92288 
92340 
92392 


91929 
91981 
92033 
92085 
92137 
92189 
92241 
92293 
92345 
92397 


91934 
91986 
92038 
92091 
92143 
92195 
92247 
92298 
92350 
92402 


91939 
91991 
92044 
92096 
921*48 
92200 
92252 
92304 
92355 
92407 

92459 
92511 
92562 
92614 
92665 
92716 
92768 
92819 
92870 
92921 

92973 
93024 
93075 
93125 
93176 
93227 
93278 
93328 
93379 
93430 

93480 
93531 
93581 
93631 
93682 
93732 
93782 
93832 
93882 
93932 


91950 
92002 
92054 
92106 
92158 
92210 
92262 
92314 
92366 
92418 


91955 
92007 
92059 
92111 
92163 
92215 
92267 
92319 
92371 
92423 


92428 
92480 
92531 
92583 
92634 
92686 
92737 
92788 
92840 
92891 

92942 
92993 
93044 
93095 
93146 
93197 
93247 
.93298 
93349 
93399 

93450 
93500 
93551 
93601 
93651 
93702 
93752 
93802 
93a52 
93902 

93952 
94002 
94052 
94101 
94151 
94201 
94250 
94300 
94349 
94399 


92433 
92485 
92536 
92588 
92639 
92691 
92742 
92793 
92845 
92896 


92438 
92490 
92542 
92593 
92645 
92696 
92747 
92799 
92850 
92901 

92952 
93003 
93054 
93105 
93156 
93207 
93258 
93308 
93359 
93409 

93460 
93510 
93561 
93611 
93661 
93712 
93762 
93812 
93862 
93912 

93962 
94012 
94062 
94111 
94161 
94211 
9426Q 
94310 
94359 
94409 


92443 
92495 
92547 
92598 
92650 
92701 
92752 
92804 
92855 
92906 


92449 
92500 
92552 
92603 
92655 
92706 
92758 
92809 
92860 
92911 


92454 
92505 
92557 
92609 
92660 
92711 
92763 
92814 
92865 
92916 


92469 
92521 
92672 
92624 
92675 
92727 
92778 
92829 
92881 
92932 

92983 
93034 
93085 
93136 
9?186 
93237 
93288 
93339 
93389 
^3440 

93490 
93541 
93591 
93641 
93692 
93742 
93792 
93842 
93892 
93942 

93992 
94042 
94091 
94141 
94191 
94240 
94290 
94340 
94389 
94438 


92474 
92526 
92578 
92629 
92681 
92732 
92783 
92834 
92886 
92937 


92947 
92998 
93049 
93100 
93151 
93202 
93252 
93303 
93354 
93404 


92957 
93008 
93059 
93110 
93161 
93212 
93263 
93313 
93364 
93414 


92962 
93013 
93064 
93115 
93166 
93217 
93268 
93318 
93369 
93420 


92967 
93018 
93069 
93120 
93171 
93222 
93273 
93323 
93374 
93425 

93475 
93526 
93676 
93626 
93676 
93727 
93777 
93827 
93877 
93927 

93977 
94027 
94077 
94126 
94176 
94226 
94275 
94125 
94374 
94424 


92988 
93039 
93090 
93141 
93192 
93242 
93293 
93344 
93394 
93445 

93495 
93546 
93596 
93646 
93697 
93747 
93797 
93847 
93897 
93947 

93997 
94047 
94096 
94146 
94196 
94245 
94295 
94345 
94394 
94443 


93455 
93505 
93556 
93606 
93656 
93707 
93757 
93807 
93857 
93907 


93465 
93515 
93566 
93616 
93666 
93717 
93767 
93817 
93867 
93917 

93967 
94017 
94067 
94116 
94166 
94216 
94265 
94315 
94364 
94414 


93470 
93520 
93571 
93621 
93671 
93722 
93772 
93822 
93872 
93922 

93972 
94022 
94072 
94121 
94171 
94221 
94270 
94320 
94369 
944T9 


93957 
94007 
94067 
94106 
94156 
94206 
94255 
94305 
94354 
94404 


93982 
94032 
94082 
94131 
94181 
94231 
94280 
94330 
94379 
94429 



24 



1 

■ 


06 




Logarithmfl 


from i to 10,000. 








No. 

880 
881 
882 
883 
884 
885 
886 
887 
888 
889 

890 
891 
892 
893 
894 
895 
896 
897 
898 
899 

900 
901 
902 
903 
904 
905 
906 
907 
908 
909 

910 
911 
912 
913 
914 
915 
916 
917 
918 
919 

920 
921 
922 
923 
924 
925 
926 
927 
928 
929 

930 
931 
932 
933 
934 
935 
936 
987 
938 
939 





1 


2 


3 


4 


5 


6 


7 


8 


9 




94448 
94498 
94547 
94596 
94645 
94694 
94743 
94792 
94841 
94890 

94939 
94988 
95036 
95085 
95134 
95182 
95231 
95279 
95328 
95376 

95424 
95472 
95521 
95569 
95617 
95665 
95713 
95761 
95809 
95856 

95904 
95952 
95999 
96047 
96095 
96142 
96190 
96237 
96284 
96332 

96379 
96426 
96473 
96520 
96567 
96614 
96661 
96708 
96755 
96802 

96848 
96895 
96942 
96988 
97035 
97081 
97128 
97174 
97220 
97267 


94453 
94503 
94552 
'94601 
94650 
94699 
94748 
94797 
94846 
94895 

94944 
94993 
95041 
95090 
95139 
95187 
95236 
95284 
95332 
95381 

95429 
95477 
95525 
95574 
95622 
95670 
95718 
95766 
95813 
95861 

95909 
95957 
96004 
96052 
96099 
96147 
96194 
96242 
96289 
96336 


94458 
94507 
94557 
94606 
94655 
94704 
94753 
94802 
94851 
94900 

94949 
94998 
95046 
95095 
95143 
95192 
95240 
95289 
95337 
95386 

95434 
95482 
95530 
95578 
95626 
95674 
95722 
95770 
95818 
95866 


94463 
94512 
94562 
94611 
94660 
94709 
94758 
94807 
94856 
94905 

94954 
95002 
95051 
95100 
95148 
95197 
95245 
95294 
95342 
95390 

95439 
95487 
95535 
95583 
95631 
95679 
95727 
95775 
95823 
95871 

95918 
95966 
96014 
96061 
96109 
96156 
96204 
96251 
96298 
96346 

96393 
96440 
96487 
96534 
96581 
96628 
96675 
96722 
96769 
96816 


94468 
94517 
94567 
94616 
94665 
94714 
94763 
94812 
94861 
94910 

94959 
95007 
95056 
95105 
95153 
95202 
95250 
95299 
95347 
95395 

95444 
95492 
95540 
95588 
95636 
95684 
95732 
95780 
95828 
95875 


94473 
94522 
94571 
94621 
94670 
94719 
94768 
94817 
94866 
94915 

94963 
95012 
95061 
95109 
95158 
95207 
95255 
95303 
95352 
95400 


94478 
94527 
94576 
94626 
94675 
94724 
94773 
94822 
94871 
94919 


94483 
94532 
94581 
94630 
94680 
94729 
94778 
94827 
94876 
94924 


94488 
94537 
94586 
94635 
94685 
94734 
94783 
94832 
94880 
94929 

94978 
95027 
95075 
95124 
95173 
95221 
95270 
95318 
95366 
95415 


9449S 
94542 
94S91 
94M» 
94689 
94738 
94787 
94836 
94885 
94934 




94968 
95017 
95066 
95114 
95163 
95211 
95260 
95308 
95357 
95405 


94973 
95022 
95071 
95119 
95168 
95216 
95265 
95313 
95361 
95410 

95458 
95506 
95554 
95602 
95650 
95698 
95746 
95794 
95842 
95890 

95938 
95985 
96033 
96080 
96128 
96175 
96223 
96270 
96317 
96365 


94983 
95032 
95OB0 
95129 
951T7 
952S6 
95274 
95323 
95371 
95419 




95448 
95497 
95545 
95593 
95641 
95689 
95737 
9S785 
95832 
95880 


95453 
95501 
95550 
95598 
95646 
95694 
95742 
95789 
95837 
95885 


95463 
95511 
95559 
95607 
95655 
95703 
95751 
95799 
95847 
95895 

95942 
95990 
96038 
96085 
96133 
96180 
96227 
96275 
96322 
96369 


95468 
95516 
95564 
95612 
95660 
95708 
95756 
95804 
95a'i2 
95899 




95914 
95961 
96009 
96057 
96104 
96152 
96199 
96246 
96294 
96341 

96388 
96435 
96483 
96530 
96577 
96624 
96670 
96717 
96764 
96811 


95923 
95971 
96019 
96066 
96114 
96161 
96209 
96256 
96303 
96350 

96398 
96445 
96492 
96539 
96586 
96633 
96680 
96727 
96774 
96820 

96867 
96914 
96960 
97007 
97053 
97100 
97146 
97192 
97239 
97285 


95928 
95976 
96023 
96071 
96118 
96166 
96213 
96261 
96308 
96355 


95933 
95980 
96028 
96076 
96123 
96171 
96218 
96265 
96313 
96360 


95947 
95995 
96042 
96090 
96137 
96185 
96232 
96280 
96327 
96374 




96384 
96431 
964';;8 
96525 
96572 
96619 
96666 
96713 
96759 
96806 


96402 
96450 
96497 
96544 
96591 
96638 
96685 
96731 
96778 
96825 

96872 
96918 
96965 
97011 
97058 
97104 
97151 
97197 
97243 
97290 


96407 
96454 
96501 
96548 
96595 
96642 
96689 
96736 
96783 
96a')0 

96876 
96923 
96970 
97016 
97063 
97109 
9tl55 
97202 
97248 
97294 


96412 
96459 
96506 
96553 
96600 
96647 
96694 
96741 
96788 
96834 


96417 
96464 
96511 
96558 
96605 
96652 
96699 
96745 
96792 
96839 

96886 
96932 
96979 
97025 
97072 
97118 
97165 
97211 
97267 
97304 


9642> 
96468 
96515 
96562 
96609 
96656 
96703 
96760 
96797 
96844 




96853 
96900 
96946 
96993 
9709^ 
97086 
97132 
97179 
97225 
97271 


96858 
96904 
96951 
96997 
97044 
97090 
97137 
97183 
97230 
97276 


96862 
96909 
96956 
97002 
97049 
97095 
97142 
97188 
97234 
97280 


96881 
96928 
96974 
97021 
97067 
97114 
97160 
97206 
97253 
97299 


96890 
96937 
96984 
97030 
97077 
97123 
97169 
97216 
97262 
97308 



Logarithms from 1 to lOiOOO. 



K 





No. 
940 





I 


2 


3 


4 


5 


6 


7 


8 


9 




97313 


97317 


97322 


97327 


97331 


97336 


97340 


97345 


97350 


9735^ 




941 


97359 


97364 


97368 


97373 


97377 


97382 


97387 


97391 


97396 


974a 




942 


97405 


97410 


97414 


97419 


97424 


97428 


974t^ 


97437 


97442 


97441 




943 


97451 


97456 


97460 


97465 


97470 


97474 


97479 


97483 


97488 


97495 




944 


97497 


97502 


97506 


97511 


97516 


97520 


97525 


97529 


97534 


97538 




945 


97543 


97548 


97552 


87«57 


97562 


97566 


97571 


97675 


97580 


975a'i 




946 


97589 


97594 


97598 


97603 


97607 


97612 


97617 


97621 


97626 


97630 




947 


97635 


97640 


97644 


97649 


97653 


97658 


97663 


97667 


97672 


97676 




948 


97681 


97685 


97690 


97695 


97699 


97704 


97708 


97713 


97717 


97722 




949 
950 


97727 


97731 
97777 


97736 
97782 


97740 
97786 


97745 


97749 
97795 


97754 


97759 


97763 


97768 




97772 


97791 


97800 


97804 


97809 


97813 




951 


97818 


97823 


97827 


97832 


97836 


97841 


97845 


97850 


97855 


97859 




952 


97864 


97868 


97873 


97877 


97882 


97886 


97891 


97896 


97900 


97905 




953 


97909 


97914 


97918 


97923 


97928 


97932 


97937 


97941 


97946 


97950 




954 


97955 


97959 


97964 


97968 


97973 


97978 


97982 


97987 


97991 


97996 




955 


98000 


98005 


98009 


98014 


98019 


98023 


98028 


oeopt 


98037 


98041 




956 


98046 


98050 


98055 


98059 


98064 


98068 


98073 


98078 


98082 


98087 




957 


98091 


98096 


98100 


98105 


98109 


98114 


98118 


98123 


98127 


98132 




958 


98137 


98141 


98146 


98150 


98155 


98159 


98164 


98168 


98173 


98177 




959 
960 


98182 


98186 


98191 
98236 


98195 
98241 


98200 


98204 


98209 


98214 


98218 


98223 




98227 


98232 


98245 


98250 


98254 


98259 


98263 


98268 




961 


98272 


98277 


98281 


98286 


98290 


98295 


98^9 


98304 


98308 


98313 




962 


98318 


98322 


98327 


98331 


98336 


98340 


989b 


98349 


98354 


98358 




963 


98363 


98367 


98372 


98376 


98381 


98385 


98390 


98394 


98399 


98403 




964 


98408 


98412. 


98417 


98421 


98426 


98430 


98435 


98439 


98444 


98448 




965 


98453 


98457 


98462 


98466 


98471 


98475 


98480 


98484 


98489 


98493 




966 


98498 


98502 


98507 


98511 


98516 


98520 


98525 


98529 


98534 


98538 




967 


98543 


98547 


98552 


98556 


98561 


98565 


98570 


98574 


98579 


98583 




968 


98588 


98592 


98597 


98601 


98605 


98610 


98614 


98619 


98623 


98628 




969 
970 


98632 


98637 


98641 
98686 


98646 
98691 


98650 


98655 
98700 


98659 


98664 


98668 


98675 




98677 


98682 


98695 


98704 


98709 


98713 


98717 




971 


98722 


98726 


98731 


98735 


98740 


98744 


98749 


98753 


98758 


98762 




972 


98767 


98771 


98776 


98780 


98784 


98789 


98793 


98798 


98802 


98807 




973 


98811 


98816 


98820 


98825 


98829 


98834 


98838 


98843 


98847 


98851 




974 


98856 


98860 


98865 


98869 


98874 


98878 


98883 


98887 


98892 


98896 




975 


98900 


98905 


98909 


98914 


98918 


98923 


98927 


98932 


98936 


98941 




976 


98945 


98949 


98954 


98958 


98963 


98967 


98972 


98976 


98981 


98985 


977 


98989 


98994 


98998 


99003 


99007 


99012 


99016 


99021 


99025 


99029 


978 


99034 


99038 


99043 


99047 


99052 


99056 


99061 


99065 


99069 


99074 


979 


99078 


99083 
99127 


99087 
99131 


99092 
99136 


99096 


99100 


99105 
99149 


99109 


99114 
99158 


99118 


980 


99123 


99140 


99145 


99154 


99162 


981 


99167 


99171 


99176 


99180 


99185 


99189 


99193 


99198 


99202 


99207 


98S 


99211 


99216 


99220 


99224 


99229 


99233 


99238 


99242 


99247 


99251 


98:) 


99l55 


99260 


99264 


99269 


99273 


99277 


99282 


99286 


99291 


99295 


984 


99300 


99304 


99308 


99313 


99317 


99322 


99326 


99330 


99335 


99339 


985 


99344 


99348 


99352 


99357 


99361 


99366 


99370 


99374 


99379 


99383 


986 


99388 


99392 


99396 


99401 


99405 


99410 


99414 


99419 


99423 


99427 


987 


99432 


99436 


99441 


99445 


99449 


99454 


99458 


99463 


99467 


99471 


988 


99476 


99480 


99484 


99489 


99493 


99498 


99502 


99506 


99511 


99515 


989 


99520 
99564 


99524 
99568 


99528 
99572 


99533 
99577 


99537 


99542 


99546 


99550 


99555 
99599 


99559 


990 


99581 


99585 


99590 


99594 


99603 


991 


99607 


99612 


99616 


99621 


99625 


99629 


99634 


99638 


99642 


99647 


992 


99651 


99656 


99660 


99664 


99669 


99673 


99677 


99682 


99686 


99691 


993 


99695 


99699 


99704 


99708 


99712 


99717 


99721 


99726 


99730 


99734 


994 


99739 


99743 


99747 


99752 


99756 


99760 


99765 


9p769 


99774 


99778 


995 


99782 


99787 


99791 


99795 


99800 


99804 


99808 


99813 


9981" 


99822 


996 


99826 


99830 


99835 


99839 


99843 


99848 


99852 


99856 


99861 


99865 


997 


99870 


99874 


99878 


99883 


99887 


99891 


99896 


99900 


99904 


99909 


998 99913 


99917 


99922 


99926 


99930 


99935 


99939 


99944 


99948 


99952 


909 99957 


99961 99965(99970 


99974 ^ 99978 1 99983 1 


99987 


99991 


99996 
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Artificial Sines, Tang, and Sec. Degree. 




i/k 


Sine. 


Co-siae. 


Tangent. 


Co-tang. 


Secant. 


Co-Mcant 
Infinite. 







Ini^N^. 


10.00000 


Inf.Neg. 


Infinite. 


10.00000 


60 


1 


6.46373 


10.00000 


6.46373 


13.53627 


10.00000 


13.63627 


59 


2 


76476 


00000 


76476 


23524 


00000 


23524 


68 


3 


94085 


00000 


94085 


05916 


€0000 


05915 


67 


4 


7.06579 


00000 


7.06579 


12.93421 


00000 


12.93421 


66 


5 


16270 


00000 


16270 


83730 


00000 


83730 


6S 


6 


24188 


00000 


24188 


75812 


00000 


75812 


64 


7 


30882 


00000 


30882 


69118 


00000 


69118 


53 


8 


36682 


00000 


36682 


63318 


00000 


63318 


5S 


9 


41797 


00000 


41797 


68203 


00000 


68203 


61 


10 


46373 


00000 


46373 


63627 


00000 


53627 


60 


11 


7.50512 


10.00000 


7.50512 


12.49488 


10.00000 


12.49488 


49 


12 


54291 


00000 


64291 


46709 


00000 


45709 


48 


13 


57767 


00000 


67767 


42233 


00000 


42233 


47 


14 


60985 


00000 


60986 


39014 


00000 


39015 


46 


15 


63982 


00000 


63982 


36018 


00000 


36018 


45 


16 


66784 


00000 


66785 


33216 


00000 


33216 


44 


17 


69417 


9.99999 


69418 


30682 


00001 


30583 


43 


18 


71900 


99999 


71900 


28100 


00001 


28100 


42 


19 


74248 


99999 


74248 


26752 


00001 


25762 


41 


20 


76475 


99999 


76476 


23524 


00001 


23525 


40 


21 


7.78594 


9.99999 


7.78596 


12.21405 


10.00001 


12.21406 


39 


22 


80616 


9i999 


80616 


19385 


00001 


19386 


38 


23 


82545 


99999 


82546 


17464 


00001 


17465 


37 


24 


84393 


99999 


84394 


15606 


00001 


15607 


36 


25 


86166 


99999 


86167 


13833 


00001 


13834 


35 


26 


87870 


99999 


87871 


12129 


00001 


12130 


34 


27 


89509 


99999 


89510 


10490 


00001 


10401 


33 


28 


91088 


99999 


91089 


08911 


00001 


08912 


32 


29 


92612 


99998 


92613 


07387 


00002 


07388 


31 


30 


94084. 


99998 


94086 


05914 


00002 


06916 


30 


31 


7.95508 


9.99998 


7.95510 


12.04490 


10.00002 


12.04492 


29 


32 


96887 


99998 


96889 


03111 


00002 


03113 


S8 


33 


98223 


99998 


98226 


01775 


00002 


01777 


27 


34 


99520 


99998 


99522 


00478 


00002 


00480 


S6 


,15 


8.00779 


99998 


8.00781 


11.99219 


00002 


11.99S21 


86 


36 


02002 


99998 


02004 


97996 


00002 


97998 


24 


37 


03192 


99997 


03194 


96806 


00003 


96806 


23 


38 


04350 


99997 


04353 


96647 


00003 


95660 


22 


39 


05478 


99997 


06481 


94619 


00003 


94622 


21 


40 


06578 


99997 


06581 


93419 


00003 


93422 


20 


41 


8.07650 


9.99997 


8.07653 


11.92347 


10.00003 


11.92360 


19 


42 


08696 


99997 


08700 


91300 


00003 


91304 


18 


43 


09718 


99997 


09722 


90278 


00003 


90282 


17 


44 


10717 


99996 


10720 


89280 


00004 


89283 


16 


45 


11693 


99996 


11696 


88304 


00004 


88307 


16 


46 


12647 


99996 


12651 


87349 


00004 


87353 


14 


47 


13581 


99996 


13585 


86416 


00004 


86419 


13 


48 


14495 


99996 


14500 


85500 


00004 


85506 


12 


49 


15391 


99996 


15395 


84605 


OO0O4 


84609 


11 


50 


16268 


99995 


16273 


83727 


00005 


83732 


10 
9 


51 


8.17128 


9.99995 


8.17133 


11.82867 


10.00005 


11*82872 


52 


17971 


99995 


17976 


82024 


00006 


82029 


8 


53 


18798 


99995 


18804 


81196 


00005 


81202 


7 


54 


19610 


99995 


19616 


80384 


00005 


80390 


6 


55 


20407 


' 99994 


20413 


79587 


00006 


79693 


5 


56 


21189 


99994 


21195 


78805 


00006 


78811 


4 


57 


21958 


99994 


21964 


78036 


. 00006 


78042 


, 3 


58 


22713 


99994 


22720 


77280 


00006 


77287 


2 


59 


23456 


99994 


23462 


76538 


00006 


. 76544 


1 


60 


24186 


99993 


24192 


75808 
Tangent 


00007 


75814 1 




Co-sine. 


Sine. 


Co-tang. 


Co-secant 


Secant M. 1 
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Artifioial Sines, Tang, and Sed 1 Degree. 
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w 


Sine. 


Co-aine. 


Tangent. 
8.24192 


Co-tang. 
11.75808 


Secant. 


Co-Moant ll 





8.24186 


9.99993 


10.00007 


11.75814 60 II 


1 


24903 


99993 


24910 


75090 


00007 


75097 


59 


2 


256Q9 


99993 


25616 


74384 


00007 


74391 


58 


3 


26304 


99993 


26312 


73688 


00007 


73696 


57 


4 


26988 


99992 


26996 


73004 


00008 


73012 


56 


5 


27661 


99992 


27669 


72331 


00008 


72339 


56 


6 


28324 


99992 


28332 


71668 


00008 


71676 


54 


7 


28977 


99992 


28986 


71014 


00008 


71023 


53 


% 8 


29621 


99992 


29629 


70371 


00008 


70379 


52 


9 


30255 


99991 


30263 


69737 


00009 


' 69745 


51 
50 


10 


8.30879 


9.99991 


8.30888 


11.69112 


10.00009 


11.69121 


11 


31495 


99991 


31505 


68495 


00009 


68505 


49 


12 


32103 


99990 


32112 


67888 


OOOK) 


67897 


48 


13 


32702 


99990 


32711 


67289 


00010 


67298 


47 


14 


33292 


99990 


33302 


66698 


00010 


66708 


46 


15 


33875 


99990 


33886 


66114 


00010 


66125 


45 


16 


34450 


99989 


34461 


65539 


00011 


65550 


44 


17 


36018 


99989 


35029 


64971 


00011 


64982 


43 


18 


35578 


99989 


36590 


64410 


00011 


64422 


42 


19 


36131 


99989 


36143 


63857 


00011 


63869 


41 
40 


20 


8.36678 


9.99988 


8.36680 


11.63311 


10.00012 


11.63322 


21 


37217 


99988 


37229 


62771 


00012 


62783 


39 


22 


37750 


99988 


37762 


62238 


00012 


62250 


38 


23 


38276 


99987 


38289 


61711 


00013 


61724 


37 


24 


38796 


99987 


38809 


61191 


00013 


61204 


36 


25 


39310 


99987 


39323 


60677 


00013 


60690 


35 


26 


39818 


99986 


39832 


60168 


00014 


60182 


34 


27 


40320 


99986 


40334 


59666 


00014 


66680 


33 


28 


40816 


99986 


40830 


5»170 


00014 


59184 


32 


29 


41307 


99985 


41321 


58679 


00015 


68693 


31 
30 


30 


8.41792 


9.99985 


8.41807 


11.58193 


10.00015 


11.58208 


31 


42272 


99985 


42287 


67713 


00015 


57728 


29 


32 


42746 


99984 


42762 


67238 


00016 


67254 


28 


33 


43216 


99984 


43232 


56768 


00016 


56784 


27 


34 


43680 


99984 


43696 


56304 


00016 


66320 


26 


35 


44139 


89983 


44156 


55844 


00017 


65861 


25 


36 


44594 


99983 


44611 


55389 


00017 


65406 


24 


37 


45044 


99983 


45061 


64939 


00017 


64956 


23 


38 


45489 


99982 


45507 


54493. 


00018 


54511 


22 


39 


45930 


89982 


45948 


54052 


00018 


54070 


21 
20 


40 


8.46366 


9.99982 


8.46385 


11.53615 


10.00018 


11.53634 


41 


46799 


90981 


46817 


53183 


00019 


53201 


19 


42 


47226 


99981 


47245 


52755 


00019 


62774 


18 


43 


47650 


99981 


47669 


52331 


00019 


52350 


17 


44 


48069 


99980 


48089 


51911 


00020 


51931 


16 


45 


48485 


99980 


48505 


51495 


00020 


61515 


15 


46 


48896 


99979 


48917 


51083 


00021 


61104 


14 


47 


49304 


99979 


49325 


50675 


00021 


50696 


13 


48 


49708 


99979 


49729 


50271 


00021 


60292 


12 


49 


50108 


99978 


50130 


49670 


00022 


49892 


11 
10 


50 


8.50504 


9.99978 


8.50527 


11 .49473 


10.00022 


11.49496 


51 


50897 


99977 


50920 


49080 


00023 


49103 


9 


52 


51287 


99977 


51310 


48690 


' 00p23 


48713 


8 


53 


61673 


99977 


61696 


48304 


00023 


48327 


7 


54 


52055 


99976 


62079 


47921 


00024 


47945 


6 


55 


52434 


99976 


52459 


47541 


00024 


47566 


5 


56 


52810 


99975 


52835 


47165 


0OQ25 


47190 


4 


» 57 


53183 


99975 


53208 


46792 


00025 


46817 


3 


58 


53552 


99974 


53578 


46422 


00026 


46448 


2 


59 


53919 


99974 


53945 


46055 


00026 


46081 


1 


60 


54282 


99974 


54308 


45692 


00026 


45718 




M. 1 


Co-tiDe. 


Sine. 


Co-tang. 


Tangent. 


Co-secant 


Secant. 
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110 Artificial Sines, Tang, and' Sec. 2 Degrees. 



M. 


Sina. 


Co-iine. 


langent 


Co-tan^. 


Secant. 


Co-«ecant 


60 





8.54282 


9.99974 


8.64306 


tl. 45692 


10.00026 


11.46718 


1 


54642 


99973 


64669 


45331 


00027 


45358 


60 


s 


54999 


99973 


65027 


44973 


00027 


45001 


58 


3 


55354 


99972 


66382 


44618 


00028 


44646 


57 


4 


65705 


99972 


65734 


44366 


00028 


44295 


56 


5 


56054 


99971 


66083 


43917 


00029 


43946 


55 


6 


66400 


99071 


66429 


,43571 


00029 


43600 


64 


7 


66743 


99970 


66773 


43227 


0O03O 


43257 


53 


8 


67084 


99970 


67114 


42886 


00030 


42916 


52 


9 


67421 


99969 


67452 


42548 


00031 


42579 


51 
50 


10 


8.57757 


9.99969 


8.57788 


11.42212 


10.00031 


11.42243 


n 


68089 


99968 


68121 


41879 


00032 


41911 


49 


12 


68419 


99968 


68451 


41549 


00032 


41681 


48 


13 


68747 


99967 


68779 


41221 


06033 


.41253 


47 


14 


69072 


VWDl 


69105 


40895 


00033 


40928 


46 


15 


68896 


99967 


6M28 


40572 


00033 


40605 


46 


16 


69715 


99666 


59749 


40251 


00034 


40285 


44 


17 


60033 


99066 


60068 


39932 


00034 


39967 


43 


IS 


60349 


99065 


60884 


30616 


00086 


39651 


42 


19 


60662 


99964 


60698 


39302 


00036 


39338 


41 


90 


8.60073 


9.99964 


8.61009 


11.38991 


10.00036 


11.39027 


40 


21 


61282 


99963 


61319 


38681 


00037 


38718 


30 


22 


61689 


99963 


61626 


38374 


00087 


38411 


38 


23 


61894 


90962 


61931 


38069 


00038 


38106 


37 


24 


62196 


WMM9 


62234 


37766 


00088 


37804 


36 


•^25 


62497 


99961 


' 62635 


37466 


00089 


37503 


36 


26 


^^ 


99961 


62834 


37166 


00039 


37205 


34 


27 


63091 


99960 


63131 


36869 


00040 


36909 


33 


28 


63385 


99960 


63426 


36574 


00040 


30615 


32 


29 


63678 


99959 


63718 


36282 


00041 


36922 


31 
30 


30 


8.63968 


9.99950 


8.64009 


11.35991 


10.00041 


11.36032 


31 


64256 


99058 


64298 


36702 


00042 


35744 


29 


32 


64643 


99958 


64585 


36416 


00042 


35457 


28 


33 


64827 


99957 


64870 


36130 


00043 


35173 


27 


34 


66110 


99056 


•5154 


34846 


00044 


34890 


26 


36 


65391 


99056 


65435 


34665 


00044 


34609 


25 


36 


65670 


99955 


66716 


34285 


00046 


34330 


24 


37 


66947 


99955 


65993 


34007 


00046 


34053 


23 


38 


66223 


99054 


66269 


33731 


00046 


33777 


22 


39 
40 


66497 


99954 


66543 


33457 


00046 


33503 


21 
20 


8.66769 


9.99953 


8.66816 


11 .33184 


10.00047 


11.33231 


41 


67039 


99952 


67087 


32913 


00048 


32961 


19 


42 


67308 


99952 


67356 


32644 


00048 


32692 


18 


M 43 


67575 


99951 


67624 


32376 


00049 


32425 


17 


44 


67841 


99951 


67890 


32110 


00049 


32169 


16 


4S 


68104 


99950 


68154 


31846 


00050 


31896 


15 


46 


68367 


99949 


68417 


31583 


00061 


31633 


14 


47 


68627 


99949 


68678 


31322 


00051 


31373 


13 


48 


68886 


99048 


68938 


31062 


00052 


31114 


12 


49 
50 


69144 


99948 


69196 


30804 


00052 


99856 


11 
10 


8.69400 


9.99947 


8.69453 


11.30547 


10.00053 


11.30600 


51 


69654 


99946 


69708 


30292 


00054 


30346 


9 


52 


69907 


^9946 


69962 


30038 


00054 


30093 


8 


53 


70159 


99045 


70214 


29786 


00056 


29841 


7 


54 


70409 


99944 


70465 


29535 


00056 


29591 


6 


55 


'70658 


99944 


70714 


29286 


00056 


29342 


5 


56 


70905 


99943 


70962 


29038 


00057 


29095 


4 


57 


71151 


99942 


71208 


28792 


00058 


28849 


3 


58 


71395 


99942 


71453 


28647 


00068 


28605 


2 


59 


71638 


99941 


71697 


28303 


00059 


28362 


1 


1 60 


71880 


99940 


71940 


28060 


00060 


28120 





lU 


Co»iine. 


Sine. 


Co-tangf. 


Tangent. 


do-«eoant 


Secant. 
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Artificial Sinee, Tang, and Sc 


»c. 3 Diej 


^68. 


Ill 


W 


Sine. 


Co-sine. 
9.99940 


Tangent. 


Co-tang. 


Secant. 


Co-iecant 


60 





8.71880 


8.71940 


11.28060 


10.00060 


11.28120 


1 


72120 


99940 


72181 


27819 


00060 


27880 


59 


t 


72359 


99939 


72420 


27580 


00061 


27641 


68 


3 


72597 


99938 


72659 


27341 


00062 


27403 


67 


4 


72834 


99938 


72896 


27104 


00062 


27166 


66 


5 


73069 


99937 


73132 


26868 


00063 


26931 


55 


6 


73303 


99936 


73366 


26634 


00064 


26697 


64 


7 


73535 


99936 


73600 


26400 


00064 


26465 


63 


8 


73767 


99935 


73832 


26168 


00065 


26233 


62 


9 
10 


73997 


99934 


74063 


26937 


00066 


26003 


61 


8.74226 


9.99934 


8.74292 


11.25708 


10.00066 


11.25774 


50 


U 


74454 


99933 


74521 


25479 


00067 
00068 


25546 


49 


12 


74680 


99932 


74748 


26252 


25320 


48 


13 


74906 


99932 


74974 


25026 


00068 


25094 


47 


14 


75130 


99931 


75199 


24801 


00069 


24870 


46 


15 


75353 


99930 


75423 


24577 


00070 


24647 


45 


16 


7«575 


99929 


75645 


24355 


00071 


24425 


44 


17 


75795 


99929 


. 76867 


24133 


00071 


24205 


43 


18 


76015 


99928 


76087 


23913 


00072 


23985 


42 


19 


76234 


99927 


76306 


23694 


0007a 


23766 


41 
40 


20 


8.76451 


9.99926 


8.76525 


11.23475 


10.00074 


11.23549 


21 
22 


76667 
76883 


99926 
99925 


76742 
76958 


23258 
23042 


00074 
00075 


23333 


39 
38 


23117 


23 


77097 


99924 


77173 


23827 


00076 


22903 


37 


24 


77310 


99923 


77387 


22613 


00077 


22690 


36 


25 


77522 


99923 


77600 


22400 


00077 


22478 


36 


26 


77733 


99922 


77811 


22189 


00078 


22267 


34 


27 


77943 


99921 


78022 


21978 


00079 


22057 


33 


28 


78152 


99920 


78232 


21768 


00080 


21848 


32 


29 


78360 


99920 


78441 


21559 


00080 


21640 


31 
30 


30 


8.78568 


9.99919 


8.78649 


11.21351 


10.00081 


11.21432 


31 


78774 


99918 


78855 


21145 


00082 


21226 


29 


32 


78979 


99917 


79061 


20939 


00083 


21021 


28 


33 


79183 


99917 


79266 


20734 


00083 


20817 


27 


34 


79386 


99916 


79470 


20530 


00084 


20614 


26 


35 


79588 


99915 


79673 


20327 


00085 


20412 


25 


36 


79789 


99914 


79875 


20125 


00086 


20211 


24 


37 


79990 


99913 


80076 


19924 


00087 


20010 


23 


38 


80189 


99913 


80277 


19723 


00087 


19811 


22 


39 


80388 


99912 


80476 


19524 


00088 


19612 


21 
20 


40 


8.80585 


9.99911 


8.80674 


11.19328 


10.00089 


11.19415 


41 


80782 


99910 


80872 


19128 


00090 


19218 


19 


42 


80978 


99909 


81068 


18932 


00091 


19022 


18 


43 


81173 


99909 


81264 


18736 


00091 


18827 


17 


44 


81367 


99908 


81459 


18541 


00092 


18633 


16 


45 


81560 


99907 


81653 


18347 


00093 


18440 


15 


46 


81752 


99906 


81846 


18154 


00094 


18248 


14 


47 


81944 


99905 


82038 


17962 


00095 


18056 


13 


48 


82134 


99904 


82230 


17770 


00096 


17866 


12 


49 


82324 


99904 


82420 


17580 


00096 


17676 


11 
10 


50 


8.82513 


9.99903 


8.82610 


11.17390 


10.00097 


11.17487 


51 


82701 


99902 


82799 


17201 


00098 


17299 


9 


52 


82888 


99901 


82987 


17013 


00099 


17112 


8 


53 


83075 


99900 


83175 


16825 


00100 


16925 


7 


54 


83261 


99899 


83361 


16639 


00101 


16739 


6 


55 


83446 


99898 


83547 


16453 


00102 


16554 


5 


56 
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83732 


16268 
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16370 


4 


57 


83813 


99897 


83916 
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00103 
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3 


58 
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99896 
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2 


59 
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99894 
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1 


84539 
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ft 
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3 
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14994 
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99891 
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5 
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99890 
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00110 


14748 


55 




6 


85429 


99889 


85540 


14460 


00111 


14671 
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7 
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99888 


85717 


14283 
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14395 


53 




8 
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99887 


85893 


14107 


00113 
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9 
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99886 


86069 


13931 


00114 
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51 
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10 
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9.99885 


8.86243 


11.13757 


10.00115 


11.13872 




11 
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99884 


86417 


13583 


00116 


13699 
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12 
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99883 


86591 


13409 


00117 


13526 
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13 
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99882 


86763 


13237 


00118 


13355 


47 




14 


86816 


99881 


86935 


13065 


00119 


13184 


46 




15 


86987 


99880 


87106 


12894 
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13013 


45 




16 
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99879 
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12844 


44 
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99879 


87447 


12553 
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18 
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19 
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99877 
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20 
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21 
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38 




22 
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11713 
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11839 
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23 
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24 
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99872 
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11382 
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25 


88654 


99871 


88783 


11217 


00129 


11346 
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26 


88817 


99870 


88948 


11052 


00130 
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34 




27 


88980 


99869 


89111 


10889 


00131 


11020 
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28 
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99868 
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10726 
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10858 
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29 
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99867 


89437 


10563 
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30 
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9.99866 
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11.10402 
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31 
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99865 


89760 


10240 
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10375 
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32 
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99864 
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10080 
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33 
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34 
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99862 


90240 
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35 
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99861 


90399 
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09740 


25 




36 


90417 


99860 


90557 
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00140 


09583 


24 




37 
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99859 


90715 
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38 
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09270 
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39 
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99857 
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40 
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11.08815 


10.00144 
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41 
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42 
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43 
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91650 
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06498 
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44 
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91803 
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08345 


16 




45 
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00149 
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46 


01959 


99850 
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07890 
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08041 


14 




47 
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99848 
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07738 
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48 
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99847 


92414 


07586 


00153 
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12 




49 


92411 


99846 


92565 
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07589 
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50 
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9.99845 
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10 




51 
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92866 
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•• 


52 
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07141 
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53 
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54 
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55 
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93462 
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5 




56 
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57 
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58 
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4 
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94773 
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56 


6 
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99829 


94917 
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55 


6 


94887 
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54 


7 
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04798 
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53 


8 
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52 


9 
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99824 


95486 
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50 


10 


8.95450 
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11.04550 


11 
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IS 


95728 
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04092 
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48 


13 


95867 
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47 


14 
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03995 


46 


15 
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99817 


96325 


03675 
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03857 


45 


16 
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99816 


96464 


03536 
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03720 


44 


17 


96417 


99815 


96602 


03398 
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43 


18 


96553 


99814 
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03447 


42 


19 
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99813 


96877 
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40 


20 
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21 
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03040 


39 


22 


97095 
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38 


23 
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99808 
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02771 


37 


24 
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99807 
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02444 
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36 


25 
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35 


28 
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99804 
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02371 


34 


27 
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99803 
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33 


28 
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32 


29 
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01974 
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30 


30 
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11.01642 
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11.01843 


31 
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98490 


01510 


00202 


01712 


29 


32 


98419 


99797 


98622 


01378 
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01581 


28 


33 


98549 


99796 


98753 


01247 
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01451 


27 


34 


98679 


99795 


98884 


01116 


00205 
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26 


as 


98808 


99793 


99015 


00985 
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01192 


25 


38 


98937 


99792 


99145 


00855 
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24 


37 


99066 


99791 
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99275 


00725 
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00934 


23 


38 
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99405 


00595 


00210 


00806 


22 


39 
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99788 


99534 
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00212 


00678 


21 
20 


40 
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8.99662 


11.00338 


10.00213 


11.00550 


41 


99577 


99786 


99791 


00209 


00214 


00423 


19 


42 


99704 


99785 


99919 


00081 


00215 


00296 


18 


43 


99830 


99783 


9.00046 


10.99954 


00217 


00170 


17 


44 


99956 


99782 


00174 


99826 


00218 


00044 


16 


45 


9.00082 


99781 


00301 


99699 


00219 


10.99918 


15 


46 


00207 


99780 


00427 


99573 


00220 


99793 


14 


47 


00332 


99778 


00553 


99447 


00222 


99668 


13 


48 


00456 


99777 


00679 


99321 


00223 


99544 


12 


49 
50 


00581 


99776 


00805 


99195 


00224 


99419 
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10 


9.00704 


9.99775 
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10.99070 


10.00225 
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51 
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98945 


00227 
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9 


52 


00951 


99772 
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98821 


00228 
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8 


53 
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99771 
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98697 


00229 


98926 


7 


54 


01196 


99769 


91427 


98573 


00231 


98804 


6 


55 


01318 


99768 


01550 


98450 
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6 


58 


01440 


99767 


01673 
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00233 


98560 


4 


67 
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99765 


01796 


98204 


00235 
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3 


58 
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99764 


01918 
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00236 


98318 


2 


59 


01803 
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60 
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9.01923 


9.99761 
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10.97838 


10.00239 


10.98077 


60 


1 


02043 


99760 


02283 


97717 


00240 


97957 


59 


s 
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99759 


02404 


97596 


00241 


97837 


58 


3 


02283 


99757 


02525 


97475 


00243 


97717 


57 


4 


02402 


99756 


02645 


97355 


00244 


97598 


56 


6 


02520 


99755 


02766 


97234 


00245 


97480 


55 




6 


02639 


99753 


02885 


97115 


00247 


97361 


54 




7 


02757 


99752 


03005 


96995 


00248 


97243 
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8 


02874 


99751 


03124 


96876 


00249 
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10 


02992 
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03242 


96758 


00251 


97008 


51 
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9.03109 


9.<13361 


10.96639 


10.00252 


10.96891 




11 


03226 


99747 


03479 


96521 


00253 


96774 


49 




12 


03342 


99745 


03597 


96403 


00255 


96658 


48 




13 


03458 


99744 


03714 


96286 


00256 


96542 


47 




14 


03574 


99742 


03832 


96168 


00258 


96426 


46 




15 


03690 


09741 


03948 


96052 


00259 


96310 


45 




16 


03805 


99740 


04065 


95935 


00260 


96195 


44 




17 


03920 


99738 


04181 


95819 


00262 


96080 


43 




18 


04034 


99737 


04297 


95703 


00263 


95966 


42 




19 


04149 


99736 


04413 


95587 


00264 


95851 
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20 


9.04262 


9.99734 


9.04528 


10.95472 


10.00266 


10.95738 
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21 


04376 


99733 


04643 


95357 


00267 


95624 


39 




22 


04490 


99731 


04758 


95242 


00269 


95510 


38 




23 


04603 


99730 


04873 


95127 


00270 


95397 


37 




24 


04715 


99728 


04987 


95013 


00272 


95285 


36 




25 


04828 


99727 


05101 


94899 


00273 


95172 


36 




26 


04940 


99726 


05214 


94786 


00274 


95060 


34 




27 


05052 


99724 


05328 


94672 


00276 


94948 


33 




28 


05164 


99723 


05441 


94559 


00277 


94836 


32 




29 


05275 


99721 


05553 


94447 


00279 


94725 


31 




30 


9.05386 


9.99720 


9.05666 


10.94334 


10.00280 


10.94614 


30 




31 


05497 


99718 


05778 


94222 


00282 


94503 


29 




32 


05607 


99717 


05890 


94110 


00283 


94393 


28 




33 


05717 


99716 


06002 


93998 


00284 


94283 


27 




34 


05827 


99714 


06113 


93887 


00286 


94173 


26 




35 


05937 


99713 


06224 


93776 


00287 


94063 


25 




36 


06046 


99711 


06335 


93665 


00289 


93954 


24 




37 


06155 


99710 


06445 


93555 


00290 


93845 


23 




38 


06264 


99708 


06556 


93444 


00292 


93736 


22 




39 


06372 


99707 


06666 


93334 


00293 


93628 
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40 


9.06481 


9.99705 


9.06775 


10.93225 


10.00295 


10.93519 




41 


06589 


99704 


06885 


93115 


00296 


93411 
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42 


06696 


99702 


06994 


93006 


00298 


93304 
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43 


06804 


99701 


07103 


92897 


00299 
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44 


06911 


99699 


07211 


92789 
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93089 
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45 


07018 


99698 


07320 


92680 


00302 


92982 
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46 


07124 


99696 


07428 


92572 


00304 


92876 
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^ 07231 


99695 
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00305 


92769 
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48 
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92357 
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49 


07442 


99692 


07751 


92249 


00308 


92558 
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9.07548 


9.99690 
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10.92142 
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51 
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9 
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53 
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54 
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55 
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08389 
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99667 
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09537 
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99664 
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90360 
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99663 
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00337 
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9 
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9.09947 
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10.00341 
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89951 
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99656 
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00344 
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13 


09907 
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89748 


00345 
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14 
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00347 


89994 


46 


15 
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10454 
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00349 
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17 
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99648 
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9.10956 
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22 
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89205 


38 


23 
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37 


24 
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00363 
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36 


25 
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99635 
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26 
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30 
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10.88430 


31 
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00375 


88334 


29 


32 


11761 


99624 


12138 


87862 


00376 
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28 


33 


11857 
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12235 


87765 


00378 


88143 


27 
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99620 


12332 


87668 


00380 


88048 


26 


35 


12047 


99618 


12428 


87572 


00382 


87953 


25 


36 


12142 


99617 


12525 


87475 


00383 
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24 


37 
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00385 


87764 


23 


38 
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87283 


00887 


87669 


22 
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40 
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12813 
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00388 


87575 
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20 


9.12519 


9.99610 


9.12909 


10.87091 


10.00390 


10.87481 


41 


12612 


99608 


13004 


86996 


00392 


87388 


19 


42 


12706 


99607 


13099 


86901 


00393 


87294 


18 


43 


12799 


99601 


13194 


86806 


00395 


87201 


17 


44 


12892 


99603 


13289 


86711 


00397 


87108 


16 


45 


12985 


99601 


13384 


86616 


00399 


87015 


16 


46 


13078 


99600 


13478 


86522 


00400 


86922 


14 


47, 


13171 


99598 


13573 


86427 


00402 


86829 


13 


48 


13263 


99596 


13667 


86333 


• 00404 


86737 


12 


49 


13355 


99595 


13761 


86239 


00405 


86645 


11 


50 


9.13447 


9.99593 


9.13854 


10.86146 


10.00407 


10.86653 


10 


61 


13539 


99591 


13948 


86052 


00409 


86461 


9 


52 


13630 


99589 


14041 


85959 


00411 


86370 


8 


53 


13722 


99588 


14134 


85866 


00412 


86278 


7 


54 


13813 


^ 99586 


14227 


85773 


00414 


86187 


6 


55 


13904 


99584 


14320 


85680 


00416 


86096 


5 


56 


13994 


99582 


14412 


85588 


00418 


86006 


4 


57 


14085 


99581 


14504 


85496 


00419 


85915 


3 


58 


14175 


99579 


14597 


85403 


00421 


85826 


2 


59 


14266 


99577 


14688 


85312 


00423 


86734 


1 


60 


14356 


99575 


14780 


85220 


00425 


85644 




M. 




Co-sioe. 


Sine. 


Co-tan^. 


Tangent 


Co-secant 


Secant. 



82 Degrees 



116 


Artificial Sines, Tang 


;. and S6 


c. 8 Degrees. * 




M. 


Sine. 


Co-sine. 


Tangent. 


Co-tang^. 


Secant. 


Co-eecant 







9.14356 


9.99575 


9.14780 


10.85220 


10.00425 


10.85644 


60 


1 


14445 


99574 


14872 


85128 


00426 


85555 


59 


2 


14535 


99572 


14963 


85037 


00428 


85465 


58 


3 


14624 


99570 


15054 


84946 


00430 


85376 


57 


4 


14714 


99568 


15145 


84855 


00432 


85286 


56 


5 


14803 


99566 


15236 


84764 


00434 


85197 


55 


6 


14891 


99565 


15327 


84673 


00435 


85109 


64 


7 


14980 


99563 


15417 


84583 


- 00437 


85020 


53 


8 


15069 


99561 


15508 


84492 


00439 


84931 


52 


9 


15157 


99559 


15598 


84402 


00441 


84843 


51 


10 


9.15245 


9.99557 


9.15688 


10.84312 


10.00443 


10.84755 


50 


11 


15333 


99556 


15777 


84223 


00444 


84667 


49 


12* 


15421 


99554 


15867 


84133 


00446 


84579 


48 


13 


15508 


99552 


15956 


84044 


00448 


84492 


47 


14 


15596 


99550 


16046 


83954 


00450 


84404 


46 


15 


15683 


99548 


16135 


83865 


00452 


84317 


45 


16 


16770 


99546 


16224 


83776 


00454 


8^230 


44 


17 


15857 


99545 


16312 


83688 


00455 


84143 


43 


18 


15944 


99543 


16401 


83599 


00457 


84056 


42 


19 


16030 


99541 


16489 


83511 


00459 


83970 


41 


20 


9.16116 


9.99539 


9.16577 


10.83423 


10.00461 


10.83884 


40 


21 


16203 


99537 


16665 


83335 


00463 


83797 


39 


22 


16289 


99535 


16753 


83247 


00465 


83711 


3B 


23 


16374 


99533 


16841 


83159 


00467 


83626 


37 


24 


16460 


99532 


16928 


83072 


00468 


83540 


36 


25 


, 16545 


99530 


17016 


82984 


00470 


83455 


^ 


26 


16631 


99528 


17103 


82897 


00472 


83369 


34 


27 


16716 


99526 


17190 


82810 


00474 


83284 


33 


28 


16801 


99524 


17277 


82723 


00476 


83199 


32 


29 


16886 


99522 


17363 


82637 


00478 


•83114 


31 
30 


30 


9.16970 


9.99520 


9.17450 


10.82550 


10.00480 


10.83030 


31 


17055 


99518 


17536 


82464 


V 00482 


82945 


29 


32 


• 17139 


99517 


17622 


82378 


00483 


82861 


28 


33 


17223 


99515 


17708 


82292 


00485 


82777 


27 


34 


17307 


99513 


17794 


82206 


00487 


82693 


S6 


35 


17391 


99511 


17880 


82120 


00489 


82609 


25 


36 


17474 


99509 


17965 


82035 


00491 


82526 


S4 


37 


17558 


99507 


18051 


81949 


00493 


82442 


23 


38 


17641 


99505 


18136 


81864 


00495 


82359 


22 


39 


17724 


99503 


18221 


81779 


00497 


82276 


21 
20 


40 


9.17807 


9.99501 


9.18306 


10.816b4 


10.00499 


10.82193 


41 


17890 


99499 


18391 


81609 


00501 


82110 


19 


42 


17973 


.99497 


18475 


81525 


00503 


82027 


18 


43 


18055 


99495 


18560 


81440 


« 00505 


81945 


17 


44 


18137 


99494 


18644 


81356 


00506 


81863 


16 


45 


18220 


99492 


18728 


81272 


00508 


81780 


15 


46 


18302 


99490 


18812 


81188 


00510 


81698 


14 


47 


18383 


99488 


18896 


81104 


00512 


81617 


.13 


48 


18465 


99486 


18979 


81021 


00514 


81535 


12 


49 
50 


18547 


99484 


19063 


80937 


00516 


81453 


11 
10 


9.18628 


9.99482 


9.19146 


10.80854 


10.00518 


10.81372 


51 


18709 


99480 


19229 


80771 


00520 


81291 


« 


52 


1»790, 


99478 


19312 


80688 


00522 


81210 


8 


53 


18871 


99476 


19395 


80605 


00524 


81129 


7 


54 


18952 


99474 


19478 


80522 


005264 


81048 


6 


55 


19033 


99472 


19561 


80439 


00528 


80967 


5 


56 


19113 


99470 


19643 


80357 


00530 


80887 


4 


57 


19193 


99468 


19725 


80275 


00532 


80807 


3 


58 


19273 


99466 


19807 


80193 


00534 


80727 


2 


59 


19353 


99464 


19889 


80111 


00536 


80647 


1 


60 


19433 


99462 


19971 


80029 


00538 


80567 



M. 




Co-sine. 


Sine. 


Co-tann^. 


Tangent. 


Co-secant 


Secant. 



81 Degree*. 



Artifcial Sines, Tang, and Sec. 9 Degrees. 117 



M. 




Sine. 


Co-sine. 


Tangent. 


C<Htang. 


Secant. 


Co-secant 


=11 


9.19433 


9.99462 


9.19971 


10.80029 


10.00538 


10.80567 60 M 


1 


19513 


99460 


20053 


79947 


00540 


80487 


59 


2 


19592 


99458 


20134 


79866 


00542 


80408 


58 


3 


19672 


99456 


20216 


79784 


00544 


80328 


67 


4 


19751 


99454 


20297 


79703 


00546 


80249 


56 


5 


19830 


99452 


20378 


79622 


00548 


80170 


55 


6 


19909 


99450 


20459 


79541 


00550 


80091 


54 


7 


19988 


99448 


20540 


79460 


00552 


80012 


53 


8 


20067 


99446 


20621 


79379 


00554 


79933 


52 


9 


20145 


99444 


20701 


79299 


00556 


79855 


51 
50 


10 


9.20223 


9.99442 


9.20782 


10.79218 


10.00558 


10.79777 


11 


20302 


99440 


20862 


79138 


00560 


79698. 
7962a 


49 


12 


20380 


994^ 


20942 


79058 


00562 


48 


1 13 


20458 


99436 


21022 


78978 


00564 


79542 


47 


14 


20536 


99434 


21102 


78898 


00566 


79465 


46 


15 


20613 


99432 


21182 


J8818 


00568 


79387 


45 


16 


20691 


99429 


21261 


78739 


00571. 


79309 


44 


17 


20768 


99427 


21341 


78659 


00573 


79232 


43 


18 


20845 


99425 


21420 


78580 


00575 


79155 


42 


19 
SO 


20922 


99423 


21499 


' 78501 


00577 


79078 


41 
40 


9.20999 


9.99421 


9.21578 


10.78422 


10.00579 


10.79001 


21 


21076 


99419 


21657 


78343 


00581 


78924 


39 


22 


21153 


99417 


21736 


78264 


00583 


78847 


38 


23 


21229 


99415 


21814 


78186 


00585 


78771 


37 


24 


21306 


99413 


21893 


78107 


00587' 


78694 


36 


25 


21382 


99411 


21971 


78029 


00589 


78618 


35 


26 


21458 


99409 


22049 


77961 


00591 


78542 


34 


27 


21534 


99407 


22127 


77873 


00593 


78466 


33 


28 


21610 


99404 


22205 


r7795 


00596 


78390 


32 


29 
30 


21685 


' 99402 


22283 


77717 


00598 


78315 


31 
30^ 


9.21761 


9.99400 


9.22361 


10.77639 


10.00600 


10.78239 


31 


21836 


99398 


22438 


77562 


00602 


78164 


29' 


32 


21912 


99396 


22516 


77484 


00604 


78088 


28 


33 


21987 


' 99394 


22593 


77407 


00606 


78013 


27 


34 


22062 


99392 


22670 


77330 


00608 


77938 


26 


35 


22137 


99390 


22747 


77253 


00610 


77863 


25 


36 


22211 


99388 


22824 


77176 


00612 


77789 


24 


37 


22286 


99385 


22901 


77099 


00615 


77714 


23 


38 


22361 


99383 


22977 


77023 


00617 


77639 


22 


I 39 

1 40 


22435 


99381 


23054 


76946 


00619 


77565 


21 
20 


9.22509 


9.99379 


9.23130 


10.76870 


10.00621 


10.77491 


41 


22583 


99377 


23206 


76794 


00623 


77417 


19 


1 42 


22657 


99375 


23283 


76717 


00625 


77343 


18 


! 43 


22731 


99372 


23359 


76641 


00628 


77269 


17 


1 44 


22805 


99370 


23435 


76565 


00630 


77195 


16 


! 45 


22878 


99368 


23510 


76490 


00632 


77122 


15 


j 46 


22952 


99366 


23586 


76414 


00634 


77048 


14 


i 47 


23025 


99364 


23661 


76339 


00636 


76975 


13 


< 48 


23098 


99362 


23737 


76263 


00638 


76902 


12 


!49 
i 50 


23171 


99359 


23812 
9.23887 


76188 


00641 


76829 


11 
10 


9.23244 


9.99357 


10.76113 


10.00643 


10.76756 


1 51 


23317 


99355 


23962 


76038 


00645 


76683 


9 


! 52 


23390 


99353 


24037 


75963 


00647 


76610 


8 


1 53 


23462 


99351 


24112 


75888 


00649 


76538 


7 


1 ^ 


23535 


99348 


24186 


75814 


00652 


73465 


6 


55 


23607 


99346 


24261 


75739 


00654 


76393 


5 


56 


23679 


99344 


24335 


75665 


00656 


76321 


4 


;57 


23752 


99342 


24410 


75590 


00658 


76248 


3 


: 58 


23823 


99340 


24484 


75516 


00660 


76177 


2 


1 59 


23895 


99337 


24558 


75442 


00663 


76105 


1 


|60 


23967 


99335 


' 24632 


75368 


00665 


76033 





i ■ 


Co-fline. 


Sine. 


Co-tang^. 


Tangent. 


Co-secant 


Secant. 


M. 




t 




BODc 


igrees. 









118 Artificial Sines, l^ang. and Sec. 10 Degrees. 



M. 


Sine. 


^Co-tine. 


Tangent. 


Co-tang. 


Secant. 


Co-secant 


60 







9.23967. 


9.99335 


9.24632 


10.75368 


10.00665 


10.76033 




1 


24039 


99333 


24706 


75294 


* 00667 


75961 


59 




2 


24110 


99331 


24779 


75221 


00669 


75890 


58 




3 


24181 


99328 


24853 


76147 


00672 


75819 


57 




4 


24253 


99326 


24926 


75074 


00674 


75747 


56 


• 


5 


24324 


99324 


25000 


75000 


00676 


75676 


55 




6 


24395 


99322 


2$073 


74927 


00678 


75605 


54 




7 


24466 


99319 


25146 


74854 


00681 


75534 


5.1 




8 


24536 


99317 


25219 


74781 


00683 


75464 


52 




9 


24607 


99315 


25292 


74708 


00685 


75393 


51 
50 




10 


9.24677 


9.99313 


9.25365 


10.74635 


10.00687 


10.75323 




11 


24748 


99310 


25437 


74563 


00690 


75252 


49 




12 


24818 


99308 


25510 


74490 


00692 


75182 


48 




13 


24888 


99306 


25582 


, 74418 


00694 


75112 


47 


« 


14 


24958 


99304 


25655 


74345 


00696 


75042 


46 




15 


25028 


99301 


26727 


74273 


00699 


74972 


45 




16 


25098 


99299 


25799 


74201 


00701 


74902 


44 




17 


25168 


99297 


25871 


74129 


00703 


74032 


43 




18 


25237 


99294 


25943 


74057 


00706 


74763 


42 




19 
20 


25307 


99292 


26015 


73985 


00708 


74693 


41 
40 




9.25376 


9.99290 


9.26086 


10.73914 


10.00710 


10.74624 




21 


25445 


99288 


26158 


73842 


00712 


74555 


39 




22 


25514 


99285 


26229 


73771 


00715 


74486 


:ui 




23 


25583 


992da 


26301 


73699 


00717 


74417 


37 




24 


25652 


99281 


26372 


73628 


00719 


74348 


36 




25 


25721 


99278 


26443 


73557 


00722 


74279 


a5 




26 


25790 


99276 


26514 


73486 


00724 


74210 


34 




27 


25858 


99274 


26585 


73415 


00726 


74142 


33 




28 


25927 


99271 


26655 


73345 


00729 


74073 


32 




29 


25995 


99269 


26726 


73274 


00731 


74005 


31 
30 




30 


9.26063 


9.99267 


9.26797 


10.73203 


10.00733 


10.73937 




31 


'26131 


99264 


26867 


73133 


00736 


73869 


29 




32 


26199 


99262 


26937 


73063 


00738 


73801 


28 




J« 


26267 


99260 


27008 


72992 


00740 


73733 


27 




34 


26335 


99257 


27078 


72922 


00743 


73665 


26 




a5 


26403 


99255 


27148 


72852 


00745 


73597 


25 




36 


26470 


99252 


27218 


72782 


00748 


73530 


24 




37 


26538 


99250 


27288 


72712 


00750 


73462 


23 




38 


26605 


99248 


27357 


72643 


00752 


73395 


22 




39 


26672 


99245 


27427 


72573 


00755 


73328 


21 




40 


9.26739 


9.99243 


9.27496 


10.72504 


10.00757 


10.73261 


20 




41 


26806 


99241 


27566 


72434 


00759 


73194 


W 




42 


26873 


99238 


27635 


72365 


00762 


73127 


18 




43 


26940 


99236 


27704 


72296 


00764 


73060 


17 




44 


27007 


99233 


27773 


72227 


00767 


72993 


16 




45 


27073 


99231 


27842 


72168 


00769 


72927 


15 




46 


27140 


99229 


27911 


72089 


00771 


72860 


14 




47 


27206 


99226 


27980 


72020 


00\74 


727<M 


13 




48 


27273 


L 99224 


28049 


71951 


00776 


72727 


12 




49 


27339 


99221 


28117 


71883 


00779 


72661 


11 
10 




50 


9.27405 


9.99219 


9.28186 


10.71814 


10.00781 


10.72595 




51 


27471 


99217 


28254 


71746 


00783 


72529 


9 




52 


27537 


99214 


28323 


71677 


00786 


72463 


8 




53 


27602 


99212 


28391 


71609 


00788 


72308 


7 




54 


27668 


99209 


28459 


71541 


00791 


72332 


6 




55 


27734 


99207 


28527 


71473 


*^ 00793 


72266 


5 




56 


27799 


99204 


28595 


71405 


00796 


72201 


4 




57 


27864 


99202 


28662 


71338 


00798 


72136 


3 




58 


27930 


99200 


28730 


71270 


00800 


72070 


2 




59 


27995 


99197 


28798 


71202 


00803 


72005 


1 




60 


. 28060 


99195 


28865 


71135 


00805 


71940 









Co-line. 


Sine. 


Co-tan^. 


Tangent. 


Co-secant 


Secant. 


M. 1 








79 De 


greet. 




• 









Artificial Sines, Tang. 


and Sec 11 Degrees. 


119 


M. 


Sine. 


Co-sine. 


Tangent. 


Co-tang. 


Secant. 


Co-secant | 
10.71940 60 1 





9,^28060 


9.99195 


9.28866 


10.71135 


10.00805 


1 


28125 


99192 


28933 


71067 


00808 


71875 


59 


2 


28190 


99190 


29000 


71000 


00810 


71810 


58 


3 


28254 


99187 


29067 


70933 


00813 


71746 


67 


4 


28319 


99185 


29134 


70866 


00815 


71681 


66 


5 


28384 


99182 


29201 


70799 


00818 


71616 


65 


6 


28448 


99180 


29268 


70732 


00820 


71552 


64 


7 


28512 


99177 


29335 


70665 


00823 


71488 


53 


8 


28577 


99175 


29402 


70598 


00825 


71423 


52 


9 


28641 


99172 


29468 


70532 


00828 


71359 


51 
50 


10 


9.28705 


9.99170 


9.29535 


10.70465 


10.00830 


10.71295 


11 


28769 


99167 


29601 


70399 


00833 


71231 


49 


12 


28833 


99165 


29668 


70332 


00635 


71167 


48 


13 


28896 


99162 


29734 


70266 


00838 


71104 


47 


14 


28960 


99160 


29800 


70900 


00840 


71040 


46 


15 


29024 


99157 


29866 


70134 


00843 


70976 


45 


16 


29087 


99155 


29932 


70068 


00845 


70913 


44 


17 


29150 


99152 


29998 


7OI0O2 


00848 


70850 


43 


18 


29214 


99150 


30064 


69936 


00650 


70786 


42 


1» 


29277 


99147 


' 30130 


69870 


00853 


70723 


41 
40 


20 


9.29340 


9.99145 


.9.30195 


10.69805 


10.00855 


10.70660 


21 


29403 


99142 


30261 


69739 


00858 


70597 


39 


22 


29466 


99140 


30326 


69674 


00860 


70534 


38 


23 


29529 


99137 


30391 


69609 


00863 


70471 


37 


24 


29591 


99135 


30457 


69543 


00865 


70409 


36 


25 


29654 


99132 


30522 


69478 


00868 


70346 


35 


26 


29716 


99130 


30587 


69413 


00870 


70284 


34 


27 


29779 


99127 


30652 


69348 


00873 


70221 


33 


28 


29841 


99124 


30717 


69283 


00876 


70159 


32 


29 


29903 


99122 


30782 


69218 


00878 


70097 


31 
30 


30 


9.29966 


9.99119 


9.30846 


10.69154 


10.00881 


10.70034 


31 


S0028 


99117 


30911 


69089 


00883 


69972 


29 


32 


30090 


99114 


30975 


69025 


00886 


69910 


28 


33 


30151 


99112 


31040 


68960 


00888 


69849 


27 


34 


30213 


99109 


31104 


68896 


00891 


69787 


26 


35 


30275 


99106 


31168 


68832 


00894 


69725 


25 


36 


30336 


89104 


31233 


68767 


00896 


69664 


24^ 


37 


30398 


99101 


31297 


68703 


00899 


69602 


23 


38 


30459 


99099 


31361 


68639 


00901 


69541 


22 


39 


30521 


99096 


31425 


68575 


00904 


69479 


21 
20 


40 


9.30582 


9.99093 


9.31489 


10.68511 


10.00907 


10.69418 


41 


30643 


99091 


31552 


68448 


00909 


69357 


19 


42 


30704 


99088 


31616 


68384 


00912 


69296 


18 


43 


30765 


99086 


31679 


68321 


00914 


69235 


17 


44 


30826 


99083 


31743 


68257 


00917 


69174 


16 


45 


30887 


99080 


31806 


68194 


00920 


69113 


15 


46 


30947 


99078 


31870 


68130 


00922 


69053 


14 


47 


31008 


99075 


31933' 


68067 


00925 


68992 


13 


48 


31068 


99072 


31996 


68004 


00928 


68932 


12 


49 


31129 


99070 


32059 


67941 


00930 


68871 


11 
10 


50 


9.31189 


9.99067 


9.32122 


10.67878 


10.00933 


10.68811 


51 


31250 


99064 


32185 


67815 


00936 


68750 


9 


52 


31310 


99062 


32248 


67752 


00938 


68690 


8 


53 


31370 


99059 


32311 


67689 


00941 


68630 


7 


54 


31430 


99056 


32373 


67627 


00944 


68570 


6 


'55 


31490 


99054 


32436 


67564 


00946 


68510 


5 


56 


31549 


99051 


32498 


67502 


00949 


68451 


4 


57 


31609 


99048 


32561 


67439 


00952 


68391 


3 


58 


31669 


99046 


32623 


67377 


00954 


68331 


2 


59 


31728 


99043 


32685 


67315 


00957 


68272 


1 


60 


31788 


99040 


32747 


67253 


00960 


68212 



M. 


-_ 


Co-sine. 


' Sine. 


Co-tang^. 


Tan^^nt. 


Co-Mcant 


Secant. 



78 D^;rees« 



AvfiAmal flinJMi. ^aimt 



na 

E 




Biai oinc 


Tangent. 


. 9SMX oe 

Co-Ung. 


IG. 14 U% 

Secant. 
10.01310 


agrees. 

Co-Mcant 


^ 





9.38368 


9.98690 


9.39677 


10.60323 


10.61692 


1 


38418 


98687 


39731 


60269 


01313 


61582 


59 


' f 


38469 


98684 


39785 


60215 


01316 


61531 


58 


3 


38519 


98681 


39838 


60162 


01319 


61481 


57 


4 


38570 


98678 


39892 


60108 


01322 


61430 


56 


5 


88620 


98675 


39945 


60055 


01325 


61380 


55 


5 


38670 


98671 


39999 


60001 


01329 


61330 


54 


7 


38721 


98668 


40052 


69948 


01332 


61279 


53 


8 


38771 


98665 


40106 


59894 


01335 


61229 


52 




• 


38821 


98662 


40159 


59841 


01338 


61179 


51 


10 


9.38871 


9.98659 


9.40212 


10.59788 


10.01341 


10.61129 


50 


U 


38921 


98656 


40266 


59734 


01344 


* 61079 


49 


If 


38971 


98652 


40319 


59681 


01348 


61029 


48 


13 


39021 


98649 


40372 


t9628 


01361 


60979 


47 


14 


39071 


98646 


40425 


59575 


01354 


60929 


46 


15 


39121 


98643 


40478 


59522 


01367 


60879 


45 


- w 


39170 


98640 


40531 


59469 


01360 


60830 


44 


n 


39220 


98636 


40584 


59416 


01364 


60780 


43 


18 


39270 


98633 


40636 


59364 


01367 


607!30 


42 




18 


39319 


98630 


40689 


59311 


01370 


60681 


41 


to 


9.39369 


9.98627 


9.40742 


10.59268 


10.01373 


10.60631 


40 


fl 


39418 


98623 


40795 


59206 


01377 


60582 


39 


ft 


38467 


98620 


40847 


69153 


01380 


60533 


38 


fS 


39517 


98617 


40000 


59100 


01383 


60483 


37 




f4 


39566 


98614 


40952 


59048 


01386 


60434 


36 




S5 


39615 


98610 


41005 


58995 


01390 


60385 


35 




86 


39664 


98607 


41067 


58943 


01393 


60336 


34 




f7 


39713 


98604 


41109 


58891 


01396 


60287 


33 




88 


39762 


98601 


41161 


58839 


01399 


6QS38 


32 




89 


39811 


98597 


41214 


58786 


01403 


60189 


31 




90 


9*39860 


9.98594 


9.41266 


10.68734 


10.01406 


10.60140 


30 




W 


39909 


98591 


41318 


68682 


01409 


60091 


29 




88 


39956 


98588 


41370 


68630 


01412 


60042 


28 




98 


40006 


98684 


41422 


68678 


01416 


59994 


27 




94 


40055 


98581 


41474 


58526 


01419 


59945 


96 




95 


40103 


98578 


41526 


58474 


01422 


59897 


25 




98 


40152 


98574 


41578 


68422 


01426 


59848 


S4 




97 


40200 


98571 


41629 


58371 


01429 


59800 


23 




98 


40249 


98568 


41681 


58319 


01432 


59761 


92 




99 


40897 


98565 


41733 


^68267 


01436 


59703 


91 




40 


9.40946 


9.98561 


9.41784 


10.68216 


10.01439 


10.59654 


90 




41 


40394 


98558 


41836 


58164 


01442 


59606 


19 




4t 


40442 


98555 


41887 


68113 


01445 


59558 


18 




43 


40490 


98551 


41939 


58061 


01449 


59510 


17 




44 


40638 


98548 


41990 


58010 


01452 


5946t 


16 




45 


40586 


98545 


42041 


57959 


01465 


59414 


15 




48 


40634 


98541 


42093 


57907 


01459 


59866 


14 




47 


40682 


98538 


42144 


57866 


01462 


59318 


19 




48 


40730 


98535 


42195 


57805 


01465 


59270 


19 




49 


40778 


98531 


42246 


57754 


01469 


59222 


11 




50 


9.40825 


9.98628 


9.42297 


10.57708 


10.01472 


10.59175 


10 




51 


40873 


98525 


42348 


57652 


01475 


59127 


9 




51 


40921 


98521 


42399 


57601 


01479 


59079 


8 




53 


40968 


98518 


42450 


57560 


01482 


59082 


7 




54 


41016 


98515 


42501 


57499 


01485 


58984 


6 




55 


41063 


98511 


42552 


57448 


01489 


58937 


6 




56 


41111 


98508 


42603 


67397 


01492 


58889 


4 




57 


41158 


98605 


42653 


67347 


01495 


58&42 

58795 


3 




58 


41205 


98501 


42704 


57296 


01499 


9 


\ 


59 


41252 


98498 


42755 


57245 


01502 


58748 


1 




60 


41300 


98494 


42805 


57195 


01506 


58700 









Co-nna. 


Sm«. 


Co-tang. 


Tangmit 


Co-Moant 


Secant. 


M. 



75De(re«8« 





Artificial Sines, Tang, and Sec 15 Degreea. 


12S 


■af 


&i.^ 


Co-iiB«. 


Tangent. 


Co-tang. 


Secant. 


Co-Mcant 


60 





9.41300 


9.98494 


9.42805 


10.67195 


10.01506 


10.58700 


1 


41347 


98491 


42856 


67144 


01509 


68653 


69 


f 


41394 


98488 


42906 


67094 


01512 


68606 


58 


3 


41441 


98484 


42957 


67043 


01616 


68559 


67 


4 


41488 


98481 


4S007 


66993 


01519 


68512 


66 


6 


41635 


96477 


43057 


66943 


01523 


68465 


65 


6 


41582 


98474 


43108 


66892 


01526 


68418 


64 


7 


41628 


98471 


43158 


66842 


01529 


68372 


63 


8 


41675 


98467 


43208 


66792 


01533 


68325 


62 


9 


41722 


98464 


- 43258 


66742 


01536 


68278 


51 
50 


10 


9.41768 


9.98460 


9.43308 


10.56692 


10.01540 


10.68232 


11 


41815 


98457 


43358 


66642 


01543 


68185 


49 


Vt 


41861 


98453 


43408 


66592 


01547 


68139 


48 


13 


41908 


98450 


43458 


66542 


01550 


68092 


47 


14 


41954 


98447 


43508 


66492 


01553 


68046 


46 


16 


42001 


98443 


43558 


66442 


01557 


67999 


46 


16 


42047 


98440 


* 43607 


66393 


01560 


67953 


44 


17 


42093 


98436 


43657 


66343 


01564 


67907 


43 


18 


42140 


98433 


43707 


66293 


01567 


67860 


42 


19 


42186 


98429 


43756 


66244 


01571 


67814 


41 
40 


SO 


9.42232 


9^98426 


9.43806 


10.56194 


10.01574 


10.57768 


SI 


42278 


98422 


43855 


66145 


01578 


67722 


38 


fiS 


42324 


98419 


43905 


66095 


01581 


67676 


38 


ts 


42370 


98415 


43954 


66046 


01585 


67630 


37 


u 


42416 


98412 


44004 


65996 


01588 


67584 


36 


ts 


42461 


98409 


44053 


65947 


01591 


67539 


36 


» 


42607 


98405 


44102 


65898 


01595 


57493 


34 


ftt 


42553 


98402 


44151 


65849 


01598 


67447. 


33 


SB 


42599 


98398 


44201 


66799 


01602 


67401 


32 


29 


42644 


98395 


44250 


65750 


01605 


67356 


31 


30 


9.42690 


9.98391 


9.44299 


10.55701 


10.01609 


10.57310 


30 


31 


42735 


98388 


44348 


55652 


01612 


67265 


29 


3S 


42781 


98384 


44397 


65603 


01616 


67219 


28 


33 


42826 


- 98381 


44446 


65554 


01619 


67174 


27 


34 


42872 


98377 


44495 


65505 


01623 


67128 


26 


35 


42917 


98373 


44544 


65456 


01627 


67083 


26 


36 


42962 


98370 


44592 


65408 


01630 


67038 


24 


37 


43006 


98366 


44641 


65359 


01634 


66992 


23 


38 


43053 


98363 


44^ 
44m 


65310 


01637 


66947 


22 


39 


43098 


98359 


65262 


01641 


66902 


21 
20 


40 


9.43143 


9.98356 


9.44787 


10.55213 


10.01644 


10.56857 


41 


43188 


98352 


44836 


65164 


01648 


66812 


19 


4f 


43933 


98349 


44884 


65116 


01651 


56767 


18 


43 


43278 


98345 


44933 


65067 


01655 


66722 


17 


44 


43323 


98342 


44981 


65019 


01658 


66677 


16 


46 


43367 


98338 


45029 


64971 


01662 


56633 


16 


46 


43412 


98334 


45078 


64922 


01666 


66588 


14 


«7 


43457 


98331 


45126 


64874 


01669 


66543 


13 


48 


43502 


98327 


45174 


64826 


01673 


66498 


12 


49 


43546 


98324 


45222 


64778 


01676 


66454 


11 
10 


60 


9.43591 


9.983S0 


9.45271 


10.54729 


10.01680 


10.66409 


61 


43635 


98317 


45319 


64681 


01683 


66365 


9 


62 


43680 


98313 


45367 


64633 


01687 


56320 


8 


63 


43724 


98309 


45415 


64585 


01691 


66276 


7 


64 


43769 


98306 


46463 


64537 


01694 


66231 


6 


55 


43813 


98302 


46511 


64489 


01698 


66187 


6 


66 


43857 


98299 


45559 


64441 


01701 


66143 


4 


67 


43901 


98295 


45606 


64394 


01705 


66099 


3 


68 


43946 


98291 


46654 


64346 


01709 


56054 


2 


69 


43990 


98288 


45702 


64298 


01712 


56010 


1 


60 


44034 


98284 


45750 


64250 


01716 


55966 




M.f 




Co-tine. 


Sine. 


Co*tan^. 


Tangent. 


Co-«ecant 


Secant. 



74 Degrees 



124 


Artificial Sinet, Tang. 


and Sec 16D^reei. 




?r 


Sine. - 


Co-tme. 


Tao^^ent. 


Co-tang. 


Secant. 


■ « ^^^^Afi^^eav^v 







9.44084 


9.98S84 


9.45760 


10.54250 


10.01716 


10.65966 


•0 


1 


44078 


98281 


45797 


64203 


01719 


66922 


69 


2 


44122 


98277 


45845 


64155 


01723 


66878 


68 


3 


44166 


98273 


45892 


64108 


01727 


56834 


67 


4 


44210 


98270 


46940 


64060 


01730 


55790 


66 


6 


44263 


98266 


45987 


64013 


01734 


55747 


66 


6 


44297 


98262 


46035 


63965 


01738 


65703 


64 


7 


44341 


98259 


46082 


63918 


01741 


65659 


53 


8 


44386 


98255 


46130 


63870 


01746 


65615 


62 


9 
10 


44428 


98251 


46177 


63823 


01749 


65572 


51 


9.44472 


9.98248 


9.46224 


10.63776 


10.01762 


10.55528 


60 


11 


44516 


98244 


46271 


63729 


01756 


65484 


49 


Vt 


44569 


98240 


46319 


63681 


01760 


65441 


48 


13 


44602 


98237 


46366 


63634 


01763 


65398 


47 


14 


44646 


98233 


46413 


63587 


01767 


65354 


46 


16 


44689 


98229 


46460 


63540 


01771 


66311 


46 


16 


44733 


98226 


46507 


63493 


01774 


65267 


44 


17 


44776 


98222 


46564 


63446 


01778* 


65224 


43 


18 


44819 


98218 


. 46601 


63399 


01782 


86181 


42 


19 


44862 


98215 


46648 


63352 


01786 


66138 


41 


fO 


9.44905 


9.96211 


9.46694 


10.63306 


10.01789 


10.65095 


40 


21 


44948 


98207 


46741 


63259 


01793 


65052 


38 


22 


44992 


98204 


46788 


63212 


01796 


65008 


38 


23 


45035 


98200 


46836 


63166 


01800 


64965 


37 


24 


46077 


98196 


46881 


63119 


01804 


64923 


96 


26 


46120 


98192 


46928 


63072 


01808 


64880 


36 


26 


45163 


98189 


46975 


63025 


01811 


64837 


34 


27 


45206 


98186 


47021 


62979 


01815 


64794 


33 


28 


46249 


98181 


47068 


62932 


01819 


64751 


32 


29 


46292 


98177 


47114 


62886 


01823 


64708 


31 


30 


9.45334 


9.98174 


9.47160 


10.62840 


10.01826 


10.54666 


30 


31 


46377 


98170 


47207 


62793 


01830 


64623 


29 


32 


45419 


98166 


47253 


62747 


01834 


64581 


28 


33 


45462 


98162 


47299 


62701 


01838 


64538 


2!7 


34 


46504 


98159 


47346 


62654 


01841^ 


64496 


26 


36 


45547 


98155^ 


47392 


62608 


01845 


64453 


25 


36 


45589 


98151 


47438 


62562 


01849 


64411 


M 


37 


45632 


98147 


47484 


62516 


01853 


64368 


28 


38 


46674 


98144 


47530 


62470 


01856 


64326 


22 


39 


45716 


98140 


47676 


62424 


01860 


64284 


21 


40 


9.45768 


9.98136 


9.47622 


10.52378 


10.01864 


10.54242 


20 


41 


45801 


98132 


47668 


62332 


01868 


64199 


19 


42 


45843 


98129 


47714 


62286 


01871 


64157 


18 


43 


45885 


98125 


47760 


62240 


01875 


64115 


17 


44 


45927 


98121 


47806 


62194 


01879 


64073 


16 


46 


45969 


98117 


47852 


62148 


01883 


64031 


16 


46 


46011 


98113 


47897 


62103 


01887 


63989 


14 


47 


46053 


98110 


47943 


62057 


01890 


63947 


13 


48» 


46095 


98106 


47989 


62011 


01894 


63905 


12 


49 
60 


46136 


98102 


48035 


61966 


01898 


63864 


11 


9.46178 


9.98098 


9.48080 


10.51920 


10.01902 


10.53822 


10 


61 


46220 


98094 


48126 


61874 


01906 


53780 


9 


62 


46262 


98090 


48171 


51829 


01910 


63738 


8 


63 


46303 


98087 


48217 


61783 


01913 


63697 


7 


64 


46345 


98083 


48262 


61738 


01917 


63655 


6 


65 


46386 


98079 


48307 


61693 


01921 


63614 


5 


66 


46428 


98075 


48353 


61647 


01926 


63572 


4 


67 


46469 


98071 


48398 


61602 


01929 


68531 


3 


68 


46511 


98067 


48443 


61557 


01933 


63489 


2 


169 


46552 


98063 


46489 


61611 


01937 


63448 


1 


60 


46594 


98060 


48534 


61466 


01940 


63406 





Bsa 


Co-tine. 


Sine. 


Co-tang. 


Tangent. 


Co-s€cant 


Secant, j 


M. 



73 Degrees 



Artifieral Sines, Taie^. and Sec 17 Degrees. 125 



Wj 


Sine. 


Co^ne. 


Tangent. 


C^^^ 


Secant. 


Go-secant 


™1 





9.46594 


9.98060 


v9.48534 


10.51466 


10.01940 


10.53406 


60 1 


1 


46635 


98056 


48579 


61421 


01944 


63365 


59 R 


2 


46676 


98052 


48624 


61376 


01948 


63324 


58)1 


3 


46717 


98048 


48669 


61331 


01952 


63283 


57 


4 


46758 


98044 


48714 


61286 


01956 


63242 


66 


.5 


46800 


98040 


48759 


51241 


01960 


63200 


65 


6 


46841 


98086 


48804 


61196 


01964 


63159 


64 


7 


46882 


98032 


48849 


61151 


01968 


63118 


63 


8 


46923 


.98029 


48894 


61106 


01971 


63077 


62 


9 
10 


46964 


88025 


48939 


% 61061 


01975 


63036 


61 


9.47006 


9.98021 


^.48984 


10.61016 


10.01979 


10.62995 


50 


11 


47045 


. 98017 


49029 


60971 


01983 


62955 


49 


IS 


47086 


98013 


49073 


60927 


01987 


62914 


48 


13 


47127 


08009 


49118 


60882 


01991 


62873 


47 


14 


47168 


98005 


49163 


60837 


01995 


62832 


46 


15 


47209 


98001 


49207 


50793 


01999 


62791 


45 


16 


47249 


97997 


49252 


60748 


02003 


62751 


44 


17 


47290 


97993 


49296 


60704 


02007 


62710 


43 


18 


47330 


97989 


49341 


50659 


02011 


62670 


42 


19 


47371 


97986 


49385 


60615 


02014 


62629 


41 
40 


20 


9.47411 


9.97982 


9.49430 


10.50570 


10.02018 


10.52589 


«1 


47452 


97978 


49474 


50526 


02022 


52548 


39 


22 


47492 


97974 


49519 


60481 


02026 


62508 


38 


23 


47533 


97970 


49563 


60437 


02030 


52467 


37 


24 


47573 


97966 


49607 


60393 


02034 


62427 


36 


25 


47613 


97962 


49652 


60348 


02038 


62387 


35 


26 


47654 


97958 


49696 


60304 


02042 


62346 


34 


27 


47694 


97954 


49740 


60260 


02046 


62306 


33 


28 


47734 


97950 


49784 


60216 


02050 


62266 


32 


29 


47774 


97946, 


49828 

1 


50172 


02054 




31 


30 


9.47814 


9.97942 


9.49872 


10.50128 


10.02068 


10.52186 


30 


31 


47854 


97938 


49916 


50084 


02062 


62146 


29 


32 


47894 


97934 


49960 


60040 


02066 


62106 


28 


33 


47934 


97930 


50004 


49996 


02070 


62066 


27 


34 


47974 


97926 


50048 


49952 


02074 


62026 


26 


35 


48014 


97922 


50092 


49908- 


02078 


61986 


25 


38 


48054 


,97918 


50136 


49864 


02082 


61946 


24 


37 


48094 


97914 


50180 


49820 


02086 


61906 


23 


38 


48133 


97910 


50223 


49777 


02090 


61867 


22 


39 


48173 


97906 


50207 


49733 


02094 


61827 


21 
20 


40 


9.48213 


9.97902 


9.50311 


10.49689 


10.02098 


10.51787 


41 


48252 


97898 


50355 


* 49645 


02102 


51748 


19 


42 


48292 


97894 


60398 


49602 


02106 


61708 


18 


43 


48332 


97890 


50442 


49558 


02110 


61668 


17 


44 


48371 


97886 


50485 


49515 


02114 


61629 


16 


45 


48411 


97882 


^529 


49471 


02118 


61589 


16 


46 


48450 


97878 


50572 


49428 


02122 


61550 


14 


47 


48490 


97874 


50616 


49384 


02126 


61510 


13 


48 


48529 


97870 


50659 


49341 


02130 


61471 


12 


49 


48568 


97866 


50703 


48297 


02134 


61432 


11 


50 


9.48607 


9.97861 


9.50746 


10.49254 


10.02139 


10.51393 


10 


51 


48647 


97857 


50789 


49211 


02143 


61353 


9 


52 


48686 


97853 


50833 


49167 


02147 


61314 


8 


53 


48725 


97849 


50876 


49124 


02151 


61275 


7 


54 


48764 


97845 


50919 


49081 


02155 


51236 


6 


55 


48803 


97841 


50962 


49038 


02159 


51197 


6 


56 


48842 


97837 


51005 


48995 


02163 


61158 


4 


57 


48881 


97833 


51048 


48952 


02167 


51119 


3 


58 


48920 


97829 


51092 


48908 


02171 


61080 


2 


59 


48959 


97825 
97821 


51135 


48865 


02175 


61041 


1 


60 


48998 


51178 


48822 


02179 


61002 




M. 




Co-fline. 


Sine. 


Co- tang. 


Tangent. 


Co-ieoant 


Secmt. 




29 ♦ 




72 Dc 


tgreei. 









26 


Artificial Sines, Tang 


. and Sec 18 Degrees. 




mT 


Sine. 


Co-sine. 


Tangent. 


Co-tBng, 


'Secant. 


Co-secant 
10.61002 


60 





9.48998 


9.97821 


9.51178 


10.48822 


10.02179 


1 


49037 


97817 


51221 


48779 


02183 


60963 


59 


s 


49076 


97812 


61264 


48736 


02188 


50924 


58 


s 


49115 


97808 


51306 


48694 


02192 


60886 


57 


4 


49153 


97804 


61349 


48661 


02196 


60847 


56 


5 


49192 


97800 


61392 


48608 


09200 


5080^ 


66 


6 


49231 


97796 


51435 


48665 


02204. 


50769 


64 


7 


49269 


97792 


51478 


48522 


02208 


50731 


63 


8 


49308 


97788 


51520 


48480 


02212 


60692 


62 


9 


49347 


97784 


61563 


48437 


02216 


50653 


61 
50 


,10 


9.49385 


9.97779 


9.61606 


10.48394 


10.02221 


10.50615 


11 


49424 


97775 


61648 


48352 


02225 


50576 


49 


IS 


49462 


97771 


51691 


48309 


02229 


60538 


48 


13 


49500 


97767 


61734 


48266 


02233 


60500 


47 


14 


49539 


97763 


51776 


48224 


02237 


60461 


46 


16 


49577 


97759 


51819 


48181 


02241 


60423 


46 


16 


49615 


97754 


51861 


48139 


02246 


60385 


44 


17 


49654 


97760 


61903 


48097 


02250 


60346 


43 


18 


49692 


^746 


61946 


48054 


02254 


60308 


42 


19 


49730 


97742 


61988 


48012 


02258 


50270 


41 
40 


SO 


9.49768 


9.97738 


9.52031 


10.47969 


10.02262 


10.50232 


SI 


49806 


97734 


62073 


47927 


02266 


50194 


39 


SS 


49844 


97729 


62116 


47886 


02271 


60156 


38 


S3 


49882 


97726 


52167 


47843 


02275 


50118 


37 


S4 


49920 


97721 


62200 


47800 


02279 


50080 


36 


25 


49958 


97717 


52242 


47768 


02283 


60042 


36 


S6 


49996 


97713 


52284 


47716 


02287 


60004 


34 


27 


50034 


97708 


52326 


47674 


02292 


49966 


33 


S8 


50072 


97704 


52368 


47632 


02296 


49928 


32 


29 


50110 


97700 


52410 


47690 


02300 


49890 


31 
30 


30 


9.50148 


9.97696 


9.52462 


10.47648 


10.02304 


10.49852 


31 


50185 


97691 


62494 


47606 


02309 


49815 


29 


3S 


50223 


97687 


62536 


47464 


02313 


49777 


28 


33 


50261 


97683 


62578 


47422 


02317 


49739 


27 


34 


50298 


97679 


52620 


47380 


02321 


49702 


20 


35 


50336 


97674 


52661 


47339 


02326 


49664 


25 


36 


50374 


97670 


52703 


47297 


02330 


49626 


24 


37 


50411 


97666 


62745 


47255 


02334 


^ 49589 


S3 


38 


50449 


97662 


52787 


47213 


02338 


49551 


22 


39 


50486 


97667 


62829 


47171 


02343 


49514 


21 
20 


40 


9.50523 


9.97663 


9.52870 


10.47130 


10.02347 


10.49477 


41 


50561 


97649 


52912 


47088 


02351 


49439 


19 


42 


50598 


97645 


52953 


47047 


02366 


49402 


18 


43 


50635 


97640 


52995 


47006 


02360 


49365 


17 


44 


50673 


97636 


53037 


46963 


02364 


49327 


16 


45 


60710 


97632 


53078 


46922 


02368 


49290 


15 


46 


60747 


97628 


63120 


46880 


02372 


49253 


14 


47 


50784 


97623 


63161 


4683^ 


02377 


49216 


13 


48 


60821 


97619 


63202 


.46798 


02381 


49179 


12 


49 


60858 


97615 


53244 


46766 


02385 


49142 


11 
10 


50 


9.50896 


9.97610 


9.63285 


10.46715 


10.02390 


10.49104 


51 


60933 


97606 


53327 


.46673 


02394 


49067 


9 


52 


60970 


97602 


63368 


46632 


02398 


49030 


8 


53 


51007 


•97697 


53409 


46691 


02403 


48993 


7 


54 


51043 


97593 


63460 


46650 


02407 


48957 


6 


55 


51080 


97589 


63492 


46606 


02411 


48920 


5 


56 


61117 


97584 


63533 


46467 


02416 


48883 


4 


57 


61154 


97680 


63574 


46426 


02420 


48846 


3 


58 


51191 


97676 


63616 


46386 


02424 


48809 


2 


59 


51227 


97671 


53666 


46344 


•02429 


48773 


1 


60 


61264 


97667 


63697 


46303 


02433 


48736 





55^ 


Co-tine. 


Sine. 


Co-tang^. 


Tangent. 


Co-aecant 


Secant. 


M. 1 



71 Degrees. 



1 





Aitificial Sines, Tang. 


and Sec 19 Degrees. 


127 


M. 


Siae. 


Co-due. 


Tangent. 


Co-tasg. 


Secant. 


Co-secant 







0.51264 


0.07567 


0.53607 


10.46303 


10.02433 


10.48736 


"ST 


1 


51301 


07563 


53738 


46262 


02437 


48699 


69 


t 


51338 


07558 


63770 


46221 


02442 


48662 


58 


3 


51374 


97554 


53820 


46180 


02446 


48626 


67 


4 


51411 


97550 


53861 


46139 


02460 


48589 


56 


5 


51447 


07545 


53902 


46098 


02455 


48553 


55 


6 


51484 


07541 


53943 


46057 


02459 


48516 


64 


7 


51520 


07536 


53984 


460l6 


02464 


48480 


53 


8 


51557 


07632 


54026 


45975 


02468 


48443 


52 





51593 


07528 


54066 


45936 


02472 


48407 


51. 


10 


0.51629 


0.07523 


9.64106 


10.46894 


10.02477 


10.48371 


50 


11 


51666 


07510 


54147 


45853 


02481 


48334 


49 


12 


51702 


07515 


54187 


45813 


02485 


48298 


48 


13 


51738 


07610 


54228 


45772 


02490 


48262 


47 


14 


51774 


07606 


54269 


45731 


02494 


48226 


46 


15 


51811 


07601 


54309 


45691 


02499 


48189 


45 


16 


51847 


07407 


54360 


46650 


02603 


48153 


44 


17 


51883 


07402 


54390 


46610 


02608 


48117 


4^ 


18 


51010 


07488 


54431 


46569 


02612 


48081 


'42 


10 


51055 


07484 


54471 


46529 


02616 


48045 


41 


» 


0.51001 


0.07479 


9.54512 


10.46488 


10.02621 


10.48009 


40 


tl 


52027 


97475 


54652 


45448 


02626 


47973 


39 


tt 


52063 


97470 


54693 


46407 


02630 


47937 


38 


23 


52009 


07466 


54633 


45367 


02634 


47901 


37 


24 


52135 


07461 


54673 


45327 


02639 


47865 


36 


25 


52171 


07467 


54714 


45286 


02543 


47829 


36 


26 


52207 


07463 


54764 


45246 


02647 


47793 


34 


27 


52242 


07448 


54794 


46206 


02652 


47768 


S3 


28 


52278 


07444 


54835 


45165 


02666 


47722 


32 


29 


52314 


07439 


54876 


46126 


02661 


47686 


31 


30 


9.52360 


9.97435 


9.64916 


10.46085 


10.02565 


10.47650 


30 


31 


52385 


97430 


54966 


45045 


02570 


47615 


29 


32 


52421 


97426 


54996 


45006 


02574 


47679 


28 


33 


52456 


97421 


56035 


44966 


02679 


47544 


27 


34 


52492 


97417 


55076 


44926 


02683 


47508 


26 


36 


52527 


97412 


5^116 


44885 


02688 


47473 


26 


36 


52563 


97408 


56166 


44846 


02592 


47437 


24 


37 


62598 


97403 


55196 


44805 


02697 


47402 


23 


38 


52634 


97399 


55fa5 


44765 


02601 


47366 


22 


SO 


52669 


97394 


56276 


44725 


02606; 


47331 


21 


40 


9.52705 


9.97390 


9.56315 


10.44686 


10.02610 


10.47295 


20 


41 


52740 


97386 


56365 


44645 


02615 


47260 


T9 


42 


52775 


97381 


55395 


44606 


02619 


47226 


18 


43 


52811 


97376 


55434 


44666 


02624 


47189 


17 


44 


52846 


97372 


55474 


44626 


02628 


47154 


16 


46 


52881 


97367 


56514 


44486 


02633 


47119 


15 


46 


52916 


97363 


56554 


44446 


02637 


47084 


14 


47 


52951 


97358 


55593 


44407 


08642 


47049 


13 


48 


52986 


97363 


55633 


44367 


08647 


47014 


12 


48 


53021 


97349 


66673 


44327 


02651 


46979 


11 


50 


9.53066 


9.97344 


9.55712 


10.44288 


10.02666 


10.46944 


10 


61 


53002 


97340 


55762 


44248 


02660 


46906 


9 


52 


53126 


97336 


55791 


44209 


02665 


46874 


8 


53 


53161 


97331 


55831 


44169 


02669 


46839 


7 


54 


53106 


97326 


55870 


44130 


02674 


46804 


6 


55 


53231 


97322 


55910 


44090 


02678 


46769 


5 


56 


53266 


97317 


55949 


44061 


02683 


46734 


4 


57 


53301 


97312 


55989 


44011 


02688 


46699 


3 


58 


53336 


07308 


66028 


43972 


02692 


46664 


2 


50 


53370 


97303 


56067 


^ 43933 

• 43893 


02697 


46630 


1 


60 


53405 


07200 


56107 


02701 


46695 





^^ 
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Tangent. 
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Secant. 


M. 
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126 Art^ial Sines, Ta»g. and See. 20 Degretes. 



M, 






9 53405 


1 


53440 


2 


53475 


3 


53509 


4 


53544 


5 


53578 


6 


53613 


7 


53647 


8 


53682 


9 


53716 



39 



9.53751 
53785 
53819 
53854 
53888 
53922 
53957 
53991 
64025 
54059 



9.54093 
54127 
64161 
64195 
54229 
64263 
64297 
64331 
54365 
64399 



9.54433 
64466 
64500 
64534 

64567 
64601 
64635 
64668 
64702 
64735 



9.64769 
54802 
64836 
64869 
64903 
64936 
64969 
65003 
65036 
56069 



9.55102 
65136 
65169 
65202 
55235 
65268 
55301 
65334 
65367 
65400 
56433 



Co»«ine. 



iO'-nn^, 



9.97299 
91294 
97289 
97285 
97280 
97276 
97271 
97266 
97262 
97257 



9.97252 
97248 
97243 
97238 
97234 
97229 
97224 
97220 
97215 
97210 



9.97206 
97201 
97196 
97192 
§7187 
97182 
97178 
97173 
97168 
97163 



9.97169 
97154 
97149 
97145 
97140 
97135 
97130 
97126 
97121 
97116 



9.97111 
97107 
97102 
97097 
97092 
97087 
97083 
97078 
97073 
97068 



9.97063 
97059 
97054 
97049 
97044 
97039 
97035 
97030 
97026 
97020 
97015 



Sine. 



rent. 



9.56107 
66146 
56185 
56224 
56264 
56303 
56342 
56381 
66420 
56459 



9.56498 
56537 
56576 
56615 
66654 
56693 
56732 
66771 
56810 
56849 



9.56887 
66926 
66965 
67004 
67042 
57081 
67120 
67158 
67197 
67235 



9.57274 
67312 
67351 
67389 
67428 
67466 
67504 
67543 
67581 
67619 



9.67668 
57696 
67734 
67772 
67810 
67849 
67887 
67925 
67963 
68001 



9.68099 
68077 
68115 
68153 
68191 
58229 
66267 
68304 
58342 



-taof. 



10.43893 
43854 
4381S 
43776 
43736 
43697 
43658 
43619 
43580 
43541 



10.43502 
43463 
43424 
43385 
43346 
43307 
43268 
43229 
43190 
43151 



10.43113 
43074 
43035 
42996 
42958 
42919 
42880 
42842 
42803 
42765 



10.42m 
42688 
42649 
42611 
42572 
42534 
42496 
42457 
42419 
42381 



10.42342 
42304 
42266 

jMMMM> 

4ECEc> 

42190 
42151 
42113 
41075 
42087 
41999 



10.41961 
41923 
41885 
41847 
41809 
41771 
41733 
41696 
41658 
41620 
41582 



10.02701 
0270S 
02711 
02715 
02720 
02724 
02729 
02734 
02738 
02743 



10.02748 
02752 

«2757 
02762 
02766 
•2771 
02776 
02780 
02785 
02790 



10.02794 
02799 
02804 
02800 
02813 
02818 
02822 
.02827 
02832 
02837 



10.02841 
02846 
02851 
02855 
02860 
02865 
02870 
02874 
02879 
02884 



10.02889 
02893 
02898 
02903 
02908 
02913 
02917 
02922 
02927 



10.02987 
02941 
02946 
02951 
02956 
02961 
02965 
02970 
02975 
02980 
02985 



Co-tang. I Tang»nt Co-aaciit 

09 Defroo9» 



^p-Mcant 



10.46696 
46560 
46526 
46491 
46456 
46422 
46387 
46353 
46318 
46284 



10.46249 
46215 
46181 
461401 
46112 
46078 
46043 
46000 
45975 
45941 



10*45907 
45873 
45839 
45805 
45771 
45737 
45703 
45609 
45635 
45601 



10.45667 
45534 
45500 

46460 
45433 
45399 
45365 

45332 
45298 
46265 



10.45231 
45198 
45164 
45131 
46097 
46064 
45081 
44997 
41964 
44931 



10.44898 
44864 
44831 
44798 
44765 
44732 
44699 
44666 
44633 
44600 
44567 



60 



50 



SI 



10 



Secant. 1 M. 



" 


Artift 


&ial Sines, Tang 


. and Sec 21 Degrees. 


l^ 




Sine. 


Co-aine. 


Tangent. 


Co-tang. 


Secant. 


Co-Mcant 


60 





9.55433 


9.97015 


9.58418 


10.41582 


10.02985 


10.44567 


1 


55466 


97010 


68455 


41545 


02990 


44594 


59 


s 


55499 


97005 


58493 


41507 


02995 


44501 


58 


3 


5553S 


97001 


58531 


41469 


02999 


44468 


57 


4 


55564 


96996 


58569 


41431 


09004 


4443a 


56 


5 


55597 


96991 


58606 


41394 


03009 


44403 


55 


6 


55630 


96986 


58644 


41356 


09014 


44370 


54 


7 


55663 


96981 


58681 


41319 


03019 


44337 


53 


8 


55695 


96976 


58719 


41281 


09024 


44305 


52 


9 


557S8 


J96971 


68757 


41243 


09029 


44272 


61 
60 


10 


9.55761 


9.96966 


9.58794 


10.41206 


10.09034 


10.44239 


11 


55793 


96962 


58832 


41168 


03038 


44207 


49 


12 


55826 


96957 


58869 


41131 


09043 


44174 


48 


13 


55858 


96952 


58907 


41093 


09048 


44142 


47 


14 


55891 


96947 


58944 


41056 


09059 


44109 


46 


15 


559S3 


96942 


58981 


41019 


09058 


44077 


45 


16 


55956 


96937 


59019 


40981 


03069 


44044 


44 


17 


55988 


96932 


59056 


40944 


03068 


44012 


43 


18 


560S1 


96927 


69094 


40906 


03073 


43979 


42 


19 


56053 


96922 


59131 


40869 


03078 


43947 


41 
40 


9.56085 


9.96917 


9.59168 


10.40832 


10.09089 


10.43915 


SI 


56118 


96912 


59205 


40795 


09088 


43882 


39 


«2 


56150 


96907 


59243 


40757 


09099 


43850 


38 
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37082 


48 


13 


62945 


96651 


67296 


32705 


04349 


37055 


47 


14 


62972 


96645 


67327 


32673 


04355 


37028 


46 


15 


62999 


96639 


67360 


33640 


04361 


37001 


45 


16 


63026 


96633 


67393 


32607 


04367 


36974 


44 


17 


63052 


96627 


67426 


32574 


04373 


36948 


43 


18 


63079 


96621 


67458 


32542 


04379 


36921 


42 


19 


63106 


96615 


67491 


32509 


04385 


36894 


41 
40 


20 


9.63133 


9.95609 


9.67524 


10.32476 


10.04391 


10.36867 


21 


63159 


96603 


67556 


32444 


04397 


36841 


39 


22 


63186 


96597 


67589 


32411 


04403 


36814 


38 


23 


63213 


96591 


67622 


32378 


04409 


36787 


37 


24 


63239 


96585 


67654 


32346 


04415 


36761 


36 


25 


63266 


95579 


67687 


32313 


04421 


36734 


ZK 


26 


63292 


96573 


67719 


32281 


04427 


36708 


34 


27 


63319 


95567 


67752 


32248 


04433 


36681 


33 


28 


63345 


96561 


67785 


32215 


04439 


36655 


32 


29 


63372 


96555 


67817 


32183 


04445 


36628 


31 
30 


30 


9.63398 


9.95549 


9.67850 


10.32150 


10.04451 


10.36602 


31 


63425 


96543 


67882 


32118 


04457 


36575 


29 


32 


63451 


95537 


67915 


32085 


04463 


36549 


28 


33 


63478 


96531 


67947 


32053 


04469 


36522 


27 


34 


63504 


95525 


67980 


32020 


04475 


36496 


26 


35 


63531 


96519 


68012 


31988 


04481 


36469 


25 


36 


63557 


96513 


68044 


31956 


04487 


36443 


24 


37 


63583 


95507 


68077 


31923 


04493 


36417 


23 
22 


38 


63610 


96500 


68109 


31891 


04500 


36390 


39 


63636 


96494 


68142 


31858 


04506 


36364 


21 
20 


40 


9.63662 


9.96488 


9.68174 


10.31826 


10.04512 


10.36338 


41 


63689 


96482 


68206 


31794 


04518 


36311 


19 


42 


63715 


96476 


60239 


31761 


04524 


36285 


18 


43 


63741 


96470 


68271 


31729 


04530 


36259 


17 


44 


63767 


96464 


68303 


31697 


04536* 


36233 


16 


45 


63794 


96458 


68336 


31664 


04542 


36206 


16 


46 


63820 


95452 


68368 


31632 


04548 


36180 


14 


47 


63846 


96446 


68400 


31600 


04554 


36154 


13 


48 


63872 


96440 


68432 


31568 


04560 


36128 


12 


49 


63898 


95434 


68465 


31535 


04566 


36102 


11 
10 


50 


9.63934 


9.95427 


9.68497 


10.31503 


10.04573 


10.36076 


51 


63950 


'95421 


68529 


31471 


04579 


36050 


9 


52 


63976 


95415 


68561 


31439 


04585 


36024 


8 


53 


64002 


95409 


68593 


31407 


04591 


35998 


7 


64 


64028 


95403 


68626 


31374 


04597 


35972 


6 


55 


64054 


95397 


68658 


31342 


04603 


35946 


5 


56 


64080 


95391 


68690 


31310 


04609 


35920 


4 


57 


64106 


95384 


68722 


31278 


04616 


35894 


3 


58 


64132 


95378 


68754 


31246 


04622 


35868 


2 


59 


64158 


95372 


68786 


31214 


04628 


35842 


1 


60 


64184 


95366 


68818 


31182 


04634 


35816 


JJ 




Co-line. 


Sine. 


Co-tan^. 


Tangent. 


Co-secant 


Secant. 



64 Degreef. 



134 


Artificial %ie8, Tang, and Sec. 916 Degrees. 




|m. 


Sine. 


Co-sine. 
9.95366 


Tangent. 


Co-tang. 


Secant 


Co-secant fl 





9.64184 


9.68818 


10.31182 


10.04634 


10.35816 60 I 


1 


64210 


95360 


68850 


31150 


04640 


35790 


59 


2 


64236 


95354 


68882 


31118 


04646 


35764 


59 


3 


64262 


95348 


68914 


31086 


04652 


35738 


57 


4 


64288 


95341 


68946 


31054 


04659 


35712 


56 


5 


64313 


95335 


68878 


31022 


04665 


35687 


55 


6 


64339 


95329 


69010 


30990 


04671 


35661 


54 


7 


64365 


95323 


69042 


30958 


04677 


35635 


53 


8 


64391 


95317 


69074 


30926 


04683 


35609 


52 


9 
10 


64417 


95310 


69106 


30^4 


04690 


35583 


51 
50 


9.64442 


9.95304 


9.69138 


10.30862 


10.04696 


10.35558 


11 


64468 


95298 


69170 


30830 


04702 


35532 


49 


12 


64494 


95292 


69202 


30798 


04708 


35506 


48 


13 


64519 


95286 


69234 


30766 


04714 


35481 


47 


14 


64545 


95279 


69266 


30734 


04721 


35455 


46 


15 


64571 


95273 


69298 


30702 


04727 


35429 


45 


16 


64596 


95267 


69329 


30671 


04733 


35404 


44 


17 


64622 


95261 


69361 


30639 


04739 


35378 


43 


18 


64647 


95254 


69393 


30607 


04746 


35353 


42 


19 


64673 


95248 


69425 


30575 


04752 


35327 


41 
40 


20 


9.64698 


9.95242 


9.69457 


10.30543 


10.04758 


10.35302 


21 


64724 


95236 


69488 


30512 


04764 


35276 


39 


22 


64749 


96229 


69520 


30480 


04771 


35251 


38 


23 


64775 


95223 


69552 


30448 


04777 


35225 


37 


24 


64800 


95217 


69584 


30416 


04783 


35200 


36 


25 


64826 


95211 


69615 


30385 


04789 


35174 


35 


26 


64851 


95204 


69647 


30353 


04796 


35149 


34 


27 


64877 


95198 


69679 


30321 


04802 


35123 


33 


28 


64902 


95192 


69710 


30290 


04808 


350:^8 


32 


29 


64927 


95185 


69742 


30258 


04815 


35073 


31 
30 


30 


9.64953 


9.95179 


9.69774 


10.30226 


10.04821 


10.35047 


31 


64978 


95173 


69805 


30195 


04827 


35023 


29 


32 


65003 


95167 


69837 


30163 


04833 


34997 


28 


33 


65029 


95160 


69868 


30132 


04840 


34971 


27 


34 


65054 


95154 


69900 


30100 


04846 


34946 


26 


35 


65079 


95148 


69932 


30068 


04852 


34921 


25 


36 


65104 


95141 


69963 


30037 


04859 


34896 


94 


37 


65130 


95135 


69995 


30005 


04865 


34870 


23 


38 


65155 


95129 


70026 


29974 


04871 


34845 


22 


39 


65180 


95122 


70058 


29942 


04878 


34820 


21 
20 


40 


9.65205 


9.95116 


9.70089 


10.29911 


10.04884 


10.34795 


41 


65230 


95110 


70121 


29879 


04890 


34770 


19 


42 


65255 


95103 


70152 


1^848 


04897 


34745 


18 


43 


65281 


95097 


70184 


298116 


04903 


34719 
34694 


17 


44 


65306 


95090 


70215 


29785 


04910 


16 


45 


65331 


95084 


70247 


29753 


04916 


34669 


15 


46 


65356 


95078 


70278 


29722 


04922 


34644 


14 


47 


65381 


95071 


70309 


29691 


04929 


34619 


13 


48 


65406 


95065 


70341 


29659 


04935 


34594 


12 


49 


65431 


95059 


70372 


29628 


04941 


34569 


11 
10 


50 


9.65456 


9.95052 


9.70404 


10.29596 


10.04948 


10.34544 


51 


65481 


95046 


70435 


29565 


'04954 


34519 


9 


52 


65506 


9S0S9 


70466 


29534 


04961 


34494 


8 


53 


65531 


95033 


70498 


29502 


04967 


34469 


7 


54 


65556 


95027 


70529 


29471 


04973 


34444 


6 


55 


65580 


95020 


70560 


29440 


04980 


34420 


5 


56 


65605 


95014 


70592 


29408 


04986 


34395 


4 


57 


65630 


95007 


70623 


29377 


04993 


34370 


3 


58 


65655 


95001 


70654 


29346 


04999 


34345 


2 


59 


65680 


94995 


70685 


29315 


06005 


343S0 


1 


60 


65705 


94988 


70717 


•29283 


05012 


34295 



M, 


«p. 


Co-rine. 


Sine. 


Co-t3Ul|;. 


Tanitent. 


Co-Mcant 


Secant 



63 Degrees. 





Artificial Sines, Tang. 


and Sec 27 Degrees. 
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M. 


. Sine. 


Co-niM. 


Tangent. 


Co-tang;. | 
10.29283 


Secant. 
10.05012 


Co-secant 


60 





9.65705 


9.94988 


9.70717 


10.34295 


1 


657t9 


94982 


70748 


29252 


05018 


34271 


59 


ft 


65764 


94975 


70779 


29221 


05025 


34246 


58 


3 


65779 


94969 


70810 


29190 


05031 


34221 


57 


4 


65804 


94962 


70841 


29159 


05038 


34196 


56 


6 


658S8 


94956 


70873 


291S7 


05044 


34172 


55 


6 


65853 


94849 


70904 


S9096 


05051 


34147 


54 


7 


65878 


94043 


70935 


29065 


06057 


34122 


53 


8 


6590S 


94936 


70966 


29034 


05064 


34098 


52 


9 


65927 


94930 


70997 


29003 


05070 


34073 
10.34048 


51 

50 


10 


9. 65962 


9.94923 


9.71028 


10.28972 


10.06077 


11 


65976 


94917 


71059 


28941 


05083 


34024 


49 


It 


660(ft 


94911 


71090 


28910 


06089 


33999 


48 


13 


660S5 


94904 


71121 


28879 


06096 


33975 


47 


14 


66050 


94898 


71153 


28847 


05102 


33950 


46 


15 


66075 


94891 


71184 


28816 


05109 


33925 


45 


16 


66099 


94885 


71215 


28785 


05115 


33901 


44 


17 


66124 


84878 


71246 


28754 


05122 


33876 


43 


18 


66148 


94871 


71277 


S8723 


05129 


' 33852 


42 


19 


66173 


94865 


71308 


t869t 


05135 


33827 


41 
40 


SO 


9.66197 


9.94858 


9.71339 


10.28661 


10.05142 


10.33803 


tl 


66221 


9485t 


71370 


28630 


05148 


33779 


39 


» 


66246 


94845 


71401 


28599 


05155 


33754 


38 


S3 


66S70 


94839 


71431 


28569 


05161 


33730 


37 


U 


66295 


94832 


71462 


28538 


05168 


33705 


36 


ss 


66319 


948t6 


71493 


28507 


05174 


33681 


35 


S6 


66343 


94819 


71524 


28476 


05181 


33657 


34 


rt 


66368 


94813 


71555 


28445 


05187 


33632 


33 


S8 


66392 


94806 


71586 


28414 


05194 


33608 


32 


S9 


66416 


94799 


71617 


28383 

• 


05201 


38584 


31 
30 


30 


9.66441 


9.94793 


9.71648 


10.28352 


10.05207 


10.33559' 


31 


66465 


94786 


71679 


28321 


05214 


33535 


29 


St 


66489 


94780 


71709 


28291 


05220 


33511 


28 


33 


66513 


94773 


71740 


28260 


05227 


33487 


27 


34 


66537 


94767 


71771 


28229 


05233 


33463 


26 


35 


66562 


94760 


71802 


28198 


05240 


.33438 


25 


36 


66586 


94753 


71833 


28167 


05247 


33414 


24 


37 


66610 


94747 


71863 


28137 


05253 


33390 


23 


38 


66634 


94740 


71894 


t8106 


05260 


33366 


22 


39 


66658 

• 


94734 


71925 


28075 


05266 


33342 


21 
20 


40 


9.66682 


9.94797 


9.71955 


10.t8045 


10.05273 


U>.33318 


41 


66706 


94720 


71986 


t8014 


05280 


33294 


19 


4t 


66731 


94714 


72017 


S7983 


05286 


33269 


18 


45 


66755 


94707 


72048 


S795S 


05293 


33245 


17 


44 


66779 


94700 


72078 


27922 


05300 


33221 


16 


46 


66803 


94694 


72109 


27891 


05306 


33197 


15 


46 


668S7 


94687 


72140 


27860 


05313 


83173 


14 


47 


66851 


94680 


72170 


27830 


05320 


33149 


13 


48 


66875 


94674 


72201 


27799 


05326 


33125 


12 


49 


66899 


94667 


72231 


27769 


05333 


33101 


11 
10 


50 


9.66922 


9.94660 


9.72262 


10.27738 


10.05340 


10.33078 


51 


66946 


94654 


72293 


27707 


05346 


33054 


9 


5S 


66970 


94647 


72323 


27677 


05353 


33030 


8 


53 


66994 


94640 


72354 


27646 


05360 


$3006 


7 


54 


67018 


94634 


72384 


27616 


05366 


32982 


6 


55 


67042 


946S7 


72415 


27585 


05373 


32958 


5 


56 


67066 


94620 


72445 


27555 


05380 


32934 


4 


57 


67090 


94614 


72476 


27524 


05386 


32910 


3 


58 


67113 


94607 


72506 


27494 


05393 


32887 


2 


59 


67137 


94600 


72537 


27463 


05400 


32863 


1 


60 


67161 


94593 


72567 


27433 


05407 


32839 
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Artificial Sines, Tang. 


and Sec 28 Degrees. 




M. 


Sine. 


Co-«ine. 


Tangent. 


Co-tang. 


Secant. 


Co-secant 







9.67161 


9.94593 


9.72567 


10.27433 


10.05407 


10.32839 


60 


1 


67185 


94587 


72598 


27402 


05413 


32815 


59 


2 


67208 


94580 


72628 


27372 


06420 


32792 


68 


3 


67232 


04573 


72659 


27341 


06^ 
06433 


32768 


67 


4 


67256 


9456V 


72689 


27311 


32744 


56 


6 


67280 


84560 


72720 


27280 


05440 


32720 


.55 


6 


67303 


94553 


72750 


27250 


05447 


32697 


54 


7 


67327 


94646 


72780 


27220 


05464 


32673 


53 


8 


67350 


94540 


72811 


27189 


06460 


32650 


52 


9 


67374 


94533 


72841 


27159 


06467 


32626 


51 
50 


10 


0.67398 


9.94526 


9.72872 


10.27128 


10.06474 


10.32602 


11 


67421 


94519 


72902 


27098 


06481 


32579 


49 


12 


67445 


94513 


72932 


27068 


05487 


32555 


48 


13 


67468 


94506 


72963 


27037 


06494 


39532 


47 


14 


67492 


94499 


72993 


.27007 


06501 


32508 


46 


15 


67515 


94492 


73023 


26977 


06508 


32485 


46 


16 


67539 


94485 


73054 


26946 


06516 


32461 


44 


17 


67562 


94479 


73084 


26916 


06621 


32438 


43 


18 


67586 


94472 


73114 


26886 


05628 


32414 


42 


19 


67609 


94466 


73144 


26856 


06536 


3S391 


41 
40 


90 


9.67633 


9.94458 


9.73176 


10.26825 


10.06642 


10.32367 


21 


67656 


94451 


73205 


26795 


06549 


32344 


39 


22 


67680 


94445 


73235 


26765 


06566 


33320 


38 


23 


67703 


94438 


73265 


26735 


06562 


32297 


37 


24 


67726 


94431 


73296 


26705 


06569 


32274 


36 


25 


67750 


94424 


73326 


26674 


06676 


32250 


36 


26 


67773 


94417 


73356 


26644 


06583 


32227 


34 


27 


67796 


94410 


73386 


26614 


06690 


32204 


33 


28 


67820 


94404 


73416 


28584 


06696 


32180 


32 


29 


67843 


94397 


73446 


28664 


06603 


32157 


31 
30 


30 


9.67866 


9.94390 


9.73476 


10.26524 


10.05610 


10.32134 


31 


67890 


94383 


73507 


26493 


05617 


32110 


28 


32 


67918 


94376* 


73537 


26463 


05624 


32087 


28 


33 


67936 


94369 


73567 


28433 


06631 


. 3S0S4 


27 


34 


67959 


94362 


73697 


28403 


06638 


32041 


26 


35 


67982 


94355 


73627 


26373 


05645 


39018 


26 


36 


68006 


94349 


73667 


26343 


06661 


31994 


M 


37 


68029 


94342 


73687 


28313 


06658 


31971- 


S3 


38 


68052 


04335 


73717 


96283 


05665 


31948 


22 


39 


68075 


94328 


73747 


26253 


06672 


31925 


21 
20 


40 


9.68098 


9.94321 


9.73777 


10.28223 


10.06679 


10.31902 


41 


68121 


94314 


73807 


26193 


06686 


31879 


10 


42 


68144 


94307 


73837 


26163 


06693 


31856 


18 


43 


68167 


94300 


73867 


26133 


06700 


31833 


17 


44 


68190 


94293 


73897 


26103 


06707 


31810 


16 


45 


68213 


94286 


73927 


26073 


06714 


31787 


15 


46 


68237 


M279 


73957 


26043 


06721 


31763 


14 


47 


68260 


94273 


73987 


26013 


05727 


31740 


13 


48 


68283 


94266 


74017 


25983 


05734 


31717 


12 


49 


68305 


'94259 


74047 


25953 


05741 


31695 


11 
10 


50 


9.68328 


9.94252 


9.74077 


10.25923 


10.05748 


10.31672 


51 


68351 


94245 


74107 


25893 


05755 


31649 


9 


52 


68374 


94238 


74137 


26863 


06762 


31620 


8 


53 


68397 


94231 


74166 


26834 


05769 


31603 


7 


54 


68420 


94224 


74196 


26804 


06776 


31580 


6 


55 


68443 


94217 


74226 


26774 


05783 


31557 


S 


56 


68466 


94210 


74256 


25744 


05790 


31534 


4 


57 


68489 


04203 


74286 


25714 


06797 


31511 


S 


58 


68512 


94196 


74316 


25684 


06804 


31488 


ft 


59 


68534 


94189 


74345 


25666 


06811 


31466 


1 


60 


68557 


94182 


74376 


25626 


06818 


31443 





^ 
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Sine. 


Co-tang. 


Tangent. 


Co<-MM»nt 


99C8LDv« 
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1^ 


Sine. 


Co-sine. 


'i*angent. 


Co-tang. 


Secant. 


Co-secant 


60 





9.68557 


9.94182 


9.74376 


10.26625 


10.05818 


10.31443 


1 


68580 


94175 


74405 


25595 


05825 


31420 


59 


2 


68603 


94168 


74435 


25565 


05832 


31397 


58 


S 


68625 


94161 


74465 


25535 


05838 


31375 


Sit 


4 


68648 


94154 


74494 


25506 


05846 


31352 


56 


5 


68671 


94147 


74524 


26476 


06853 


81329 


55 


6 


68694 


94140 


74554 


25446 


05860 


S1306 


54 


7 


68716 


94133 


' 74583 


26417 


06867 


31284 


63 


8 


68739 


94126 


74613 


25387 


06874 


31261 


52 


9 


68762 


94119 


74643 


25357 


05881 


31238 


51 
50 


10 


9.68784 


9.94112 


9.74673 


10.25327 


10.06888 


10.31216 


11 


68807 


94106 


74702 


25298 


05895 


81193 


49 


12 


68829 


94098 


74732 


25268 


06902 


31171 


48 


IS 


68852 


94090 


74762 


25238 


05910 


31148 


47 


14 


68875 


94083 


74791 


26209 


06917 


31125 


46 


15 


68897 


94076 


74821 


26179 


05924 


31103 


45 


16 


68920 


94069 


74851 


25149 


05931 


31080 


44 


17 


68942 


94062 


74880 


25120 


05938 


31058 


43 


18 


68965 


94055 


74910 


25090 


05945 


81035 


42 


19 


68987 


94048 


74939 


25061 


05952 


31013 


41 
40 


20 


9.69010 


9.94041 


9.74969 


10.25031 


10.05959 


10.30990 


21 


69032 


94034 


74998 


25002 


05966 


30968 


39 


22 


69055 


94027 


75028 


24972 


05973 


30945 


38 


23 


69077 


940S0 


75058 


24942 


05980 


30923 


37 


24 


69100 


94012 


75087 


24913 


05988 


30900 


36 


25 


69122 


94005 


75117 


24883 


05995 


30878 


35 


26 


69144 


93998 


75146 


24854 


06002 


30856 


34 


27 


69167 


93991 


75176 


24824 


06009 


30833 


33 


28 


69189 


93984 


76205 


24795 


06016 


90811 


32 


29 


69212 


93977 


75235 


24765 


06023 


90788 


31 
30 


90 


9.69234 


9.93970 


9.75264 


10.24736 


10.06030 


10.30766 


SI 


69256 


93963 


75294 


24706 


06037 


30744 


29 


32 


69279 


93955 


75323 


24677 


06045 


30721 


28 


33 


69301 


93948 


75353 


24647 


06052 


30699 


27 


34 


69323 


93941 


75382 


24618 


06059 


* 30677 


26 


36 


69345 


93934 


76411 


24589 


06066 


30655 


25 


36 


69368 


93927 


75441 


24559 


06073 


30632 


24 


37 


69390 


93920 


75470 


24530 


06080 


30610 


23 


38 


69412 


93912 


75500 


24500 


06088 


30588 


22 


39 


69434 


93905 


75529 


24471 


06095' 


30566 


21 
20 


40 


9.69456 


9.93898 


9.75558 


10.24442 


10.06102 


10.30544 


41 


69479 


93891 


75588 


24412 


06109 


30521 


19 


42 


69501 


93884 


75617 


24383 


06116 


30499 


18 


43 


69523 


93876 


75647 


24353 


06124 


30477 


17 


44 


69545 


93869 


76676 


24324 


06131 


90455 


16 


45 


69567 


93862 


75705 


24295 


06138 


90433 


15 


46 


69589 


93865 


75735 


24265 


06145 


90411 


14 


47 


69611 


93847 


75764 


24236 


06153 


90389 


13 


48 


69633 


93840 


75793 


24207 


06160 


90367 


12 


49 


69655 


93833 


75822 


24178 


06167 


30345 


11 
10 


50 


9.69677 


9.93826 


9.76852 


10.'24148 


10.06174 


10.30323 


51 


69699 


93819 


75881 


24119 


06181 


30301 


9 


52 


69721 


93811 


75910 


24090 


06189 


30279 


8 


53 


69743 


93804 


75939 


24061 


06196 


30257 


7 


54 


69765 


93797 


75969 


24031 


06203 


30235 


6 


55 


69787 


93789 


76998 


24002 


06211 


30213 


6 


56 


69809 


93782 


76027 


23973 


06218 


30191 


4 


57 


69831 


93775 


76056 


23944 


06225 


30169 


3 


58 


69853 


93768 


76086 


23914 


06232 


30147, 


, 2 


59 


69875 


93760 


76115 


23885 


06240 


30125^ 


' 1 


60 


69897 


93753 


76144 


23856 


06247 


30103 


9 
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Artificial Sined, Tang, and Sec. 30 DegreM. 




w 


Sine. 


Co^-sine. 


TtLDgBOi. 


Co-tang. 


Secant. 


Co^Mcant 1 
1i> 30103 00 1 





9.69897 


9.93763 


9.76144 


10.23866 


10.06247 


1 


69919 


93746 


76173 


23827 


06254 


30081 


59 


s 


69941 


93738 


76202 


S3798 


06262 


30059 


58 


3 


69963 


93731 


76231 


S3769 


V 06269 


30037 


67 


4 


69984 


03724 


76261 


S3739 


06276 


30016 


56 


6 


70006 


93717 


76290 


S3710 


06283 


29994 


55 


6 


70028 


93709 


76319 


23681 


06291 


29972 


54 


7 


70060 


93702 


76348 


S3652 


06298 


29950 


53 


8 


70072 


93695 


76377 


23623 


06305 


29928 


52 


9 


70093 


93687 


76406 


23594 


06313 


28907 


51 


10 


9.70115 


9.93680 


8.76435 


10.23565 


10.063S0 


U 29885 


50 


11 


70137 


03673 


76464 


23536 


06327 


29863 


48 


12 


70159 


03665 


76493 


23507 


06335 


29841 


48 


13 


70180 


83658 


76522 


23478 


06342 


29820 


47 


14 


7020S 


93650 


76551 


23449 


06350 


28798 


46 


15 


70224 


98643 


76580 


23420 


06357 


29776 


45 


la 


70245 


83636 


76609 


23391 


06364 


29755 


44 


17 


70267 


83628 


76639 


23361 


06372 


28733 


43 


18 


70288 


93621 


76668 


23332 


06379 


29712 


42 


19 


70310 


93614 


76697 


23303 


06386 


28690 


41 


SO 


9.7033S 


9.93606 


8.76725 


10.23275 


10.06394 


K 29668 


40 


SI 


70353 


93599 


76754 


23246 


06401 


28647 


88 


ss 


70375 


93591 


76783 


23217 


06409 


28625 


38 


S3 


70396 


93584 


76812 


23188 


06416 


28604 


37 


S4 


70418 


83577 


76841 


23159 


06423 


28582 


96 


SS 


70439 


93569 


76870 


23130 


06431 


28561 


9S 


S6 


70461 


93562 


76899 


23101 


06438 


28538 


34 


ST 


70482 


93554 


76928 


23072 


06446 


28518 


98 


S8 


70504 


93547 


76957 


23043 


06453 


28496 


82 


S9 


70525 


83539 


76986 


23014 


06461 


29475 


31 


30 


9.70547 


9.9353S 


9.77015 


10.2S985 


10.06468 


1€ 29453 


90 


31 


70568 


93525 


77044 


SS956 


06475 


28432 


28 


SS 


70590 


93517 


77073 


SS9S7 


06483 


28410 


28 


33 


70611 


93510 


77101 


SS899 


06490 


28389 


27 


34 


70633 


93502 


77130 


SS870 


06498 


28367 


26 


35 


70654 


93495 


77159 


SS841 


06505 


28346 


26 


36 


70675 


93487 


77188 


SS812 


06513 


29826 


24 


37 


70697 


83480 


77217 


SS783 


06520 


29303 


28 


38 


70718 


83472 


77246 


SS754 


06528 


29282 


22 


39 


70739 


83465 


77274 


SS7S6 


06536 


29261 


21 


40 


9.70761 


8.83457 


9.77308 


ia.22697 


10.06543 


10.29239 


20 


41 


70782 


83450 


77332 


SS668 


06550 


29218 


19 


4S 


70803 


89442 


77361 


SS639 


06558 


, 29197 


18 


43 


70824 


83435 


77390 


SS610 


06565 


29176 


17 


44 


70846 


80427 


77418 


SS582 


06573 


29154 


16 


46 


70867 


83420 


77447 


S2553 


06580 


29133 


15 


46 


70888 


83412 


77476 


22524 


06588 


29112 


14 


47 


70909 


83405 


77505 


22495 


06595 


29091 


18 


48 


70931 


83397 


77533 


22467 


06603 


29069 


12 


49 


70952 


93390 


77562 


22438 


06610 


29048 


n 


60 


9.70973 


9.93382 


9.77591 


10.22409 


10.06618 


10.29027 


10 


51 


70994 


83375 


77619 


22381 


06625 


29006 


9 


5S 


71015 


83367 


77648 


22352 


06633 


28985 


8 


53 
54 


71036 
71058 


83360 
83352 


77677 
77706 




06640 
06648 


28964 
28942 


7 


22294 





56 


71079 


83344 


77734 


22S66 


06656 


28921 


6 


56 


71100 


83337 


77763 


22237 


06663 


28900 


4 


57 


71121 


833S8 


77791 


S2S09 


06671 


28879 


8 


56 
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83322 


77820 


22180 


06678 


28858 


2 


59 


83314 


77849 


22151 


06686 


28837 


1 


60 


71184 


83307 


77877 


22123 


06693 


28816 
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Sine. 


Co-tine. 


Tangent. 


Co-tang. 


Secant. 


Co-secant 


60 





9.71184 


9.93307 


9.77877 


10.22123 


10.06693 


10.28816 


1 


71205 


93299 


77906 


22094 


06701 


28796 


59 


s 


71226 


93291 


77935 


22065 


06709 


28774 


68 


3 


71247 


93284 


77963 


22037 


06716 


28763 


57 


4 


71268 


93276 


77992 


22008 


06724 


28732 


66 


5 


71289 


93269 


78020 


21980 


06731 


28711 


56 


6 


71310 


93261 


78049 


21951 


06739 


28690 


64 


7 


71331 


93253 


78077 


21923 


06747 


28669 


63 


8 


71352 


93246 


78106 


21894 


06754 


28648 


62 


9 


71373 


93238 


78136 


21865 


06762 


28627 


61 
60 


10 


9.71393 


9.93230 


9.78163 


10.21837 


10.06770 


10.28607 


n 


71414 


93223 


78192 


21808 


06777 


28586 


49 


IS 


71435 


93215 


78220 


21780 


06785 


28565 


48 


13 


71456 


03207 


78249 


21751 


06793 


28544 


47 


14 


71477 


93200 


78277 


21723 


06800 


28523 


46 


15 


71498 


93192 


78306 


21694 


06808 


28502 


46 


16 


71519 


93184 


78334 


21666 


06816 


28481 


44 


17 


71539 


93177 


78363 


21637 


,06823 


28461 


43 


18 


71560 


93169 


78391 


21609 


06831 


28440 


42 


19 


71581 


93161 


78419 


21681 


06839 


2S419 


41 
40 


90 


9.71602 


9.93154 


9.78448 


10.21662 


10.06846 


10.28398 


21 


71622 


93146 


78476 


21624 


06854 


28378 


39 


22 


71643 


93138 


78505 


21496 


06862 


28367 


38 


23 


71664 


93131 


78533 


21467 


06869 


28336 


37 


24 


71685 


93123 


78562 


21438 


06877 


28316 


36 


25 


71705 


93115 


78590 


21410 


06885 


28295 


36 


28 


71726 


93108 


78618 


21382 


06892 


28274 


34 


27 


71747 


93100 


78647 


21353 


06900 


28263 


33 


28 


71767 


93092 


78675 


21326 


06908 


28233 


32 


29 


71788 


93084 


78704 


21296 


06916 


28212 


31 
30 


30 


9.71809 


9.93077 


9.78732 


10.21268 


10.06923 


10.28191 


31 


71829 


83069 


78760 


21240 


06931 


28171 


29 


32 


71850 


93061 


78789 


21211 


06939 


28160 


28 


33 


71870 


03053 


78817 


21183 


06947 


28130 


27 


34 


71891 


93046 


78845 


21156 


06954 


28109 


26 


36 


71911 


03038 


78874 


21126 


06962 


28089 


26 


36 


71932 


93030 


78902 


21098 


06970 


28068 


24 


37 


71952 


03022 


78930 


21070 


06978 


28048 


23 


38 


71973 


93014 


78959 


21041 


06986 


28027 


22 


39 


71994 


93007 


78987 


21013 


06993 


28006 


21 
20 


40 


9.72014 


9.92999 


9.79015 


10.20985 


10.07001 


10.27986 


41 


72034 


92991 


79043 


20957 


07009 


27966 


19 


42 


72055 


92983 


79072 


20928 


07017 


27946 


18 


43 


72075 


92976 


79100 


20900 


07024 


27925 


17 


44 


72096 


92968 


79128 


20872 


07032 


27904 


16 


46 


72116 


92960 


79156 


20844 


07040 


27884 


15 


46 


72137 


92952 


79185 


20815 


07048 


27863 


14 


47 


72157 


92944 


79213 


20787 


07056 


27843 


13 


48 


72177 


92936 


79241 


20769 


07064 


27823 


12 


49 


72198 


92929 


79269 


20731 


07071 


27802 


11 
10 


50 


9.72218 


9.92921 


9.79297 


10.20703 


10.07079 


10.27782 


51 


72238 


92913 


79326 


20674 


07087 


27762 


9 


52 


72259 


92905 


79354 


20646 


07096 


27741 


8 


53 


72279 


92897 


79382 


20618 


07103 


27721 


7 


54 


72299 


92889 


79410 


20590 


07111 


27701 


6 


55 


72320 


92881 


79438 


20562 


07119 


27680 


6 


56 


72340 


92874 


79466 


20534 


07126 


27660 


4 


57 


72360 


92866 


79495 


20505 


07134 


27640 


3 


58 


72381 


92858 


79523 


20477 


07142 


27619 


2 


59 


72401 


. 92850 


79551 


20449 


07160 


2rr599 


1 


60 


72421 


92842 


79679 


20421 


07168 


27579 
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Artificial Sines, Tang, and Sec 32 Degrees. 




TT 


Sine. 


Co-sine. 


Tangent. 


Co-tang. 


Secant. 


Co-secant 


60 





9.72421 


9.92842 


9.79579 


10.20421 


10.07158 


10.27579 


1 


72441 


92834 


79607 


20393 


07166 


27559 


59 


2 


72461 


92826 


79635 


20365 


07174 


27539 


58 


3 


72482 


92818 


79663 


20337 


07182 


27518 


67 


4 


72502 


92810 


79691 


20309 


07190 


27498 


56 


6 


72522 


92803 


79719 


20281 


07197 


27478 


55 


6 


72542 


92795 


79747 


20253 


07205 


27458 


54 


7 


72562 


92787 


79776 


20224 


07213 


27438 


53 


8 


72582 


92779 


79804 


20196 


07221 


27418 


52 


9 


72602 


92771 


79832 


20168 


07229 


27398 


51 
60 


10 


9.72622 


9.92763 


9.79860 


10.20140 


10.07237 


10.27378 


11 


72643 


92755 


79888 


20112 


07245 


27357 


49 


12 


72663 


92747 


79916 


20084 


07253 


27337 


48 


13 


72683 


92739 


79944 


20056 


07261 


27317 


47 


14 


72703 


92731 


79972 


20028 


07269 


27297 


46 


15 


72723 


92723 


80000 


20000 


07277 


27277 


45 


16 


72743 


92715 


80028 


19972 


07285 


27257 


44 


17 


72763 


92707 


80056 


19944 


07293 


27237 


43 


18 


72783 


92699 


80084 


19916 


07301 


27217 


42 


19 


72803 


92691 


80112 


19888 


07309 


27197 
10 27177 


41 


20 


9.72H23 


9.92683 


9.80140 


10.19860 


10.07317 


40 


21 


72843 


92675 


80168 


19832 


07325 


27157 


39 


22 


72863 


92667 


80195 


19805 


07333 


27137 


38 


23 


72883 


92659 


80223 


19777 


07341 


27117 


37 


24 


72902 


92851 


80251 


19749 


07349 


27098 


36 


25 


72922 


92643 


80279 


19721 


07357 


27078 


35 


26 


72942 


92635 


80307 


19693 


07365 


27058 


34 


27 


72962 


92627 


80335 


19665 


07373 


27038 


33 


28 


72982 


92619 


80363 


19637 


07381 


27018 


32 


29 


73002 


92611 


80391 


19609 


07389 


26998 


31 


30 


9.73022 


9.92603 


9.80419 


10.19581 


10.07397 


IC .26978 


30 


31 


73041 


92595 


80447 


19553 


07405 


26959 


29 


32 


73061 


92587 


80474 


19526 


07413 


26939 


28 


33 


73081 


92579 


80502 


19498 


07421 


26919 


27 


34 


73101 


92571 


80530 
805^ 


19470 


07429 


26899 


26 


35 


73121 


92563 


19442 


07437 


26879 


25 


36 


73140 


92555 


80586 


19414 


07445 


26860 


24 


37 


73160 


92546 


80614 


19386 


07454 


26840 


23 


38 


73180 


92538 


80642 


19358 


07462 


26820 


22 


39 


73200 


92530 


80669 


19331 


07470 


26800 


21 


40 


9.73219 


9.92522 


9.80697 


10.19303 


10.07478 


10.26781 


20 


41 


73239 


92514 


80725 


19275 


07486 


26761 


19 


42 


73259 


92506 


80753 


19247 


07494 


26741 


18 


43 


73278 


92498 


80781 


19219 


07502 


26722 


17 


44 


, 73298 


92490 


80808 


19192 


07510 


26702 


16 


46 


73318 


92482 


80836 


19164 


07518 


26682 


15 


46 


73337 


92473 


80864 


19136 


07527 


26663 


14 


47 


73357 


92465 


80892 


19108 


07535 


26643 


13 


48 


73377 


92457 


80919 


19081 


07543 


26623 


12 


491 


73396 


92449 
9.92441 


80947 


19053 


07551 


26604 


11 


50 


9.73416 


9.80975 


10.19025 


10.07559 


10.26584 


10 


51 


73435 


92433 


81003 


18997 


07567 


26565 


9 


52 


73455 


92425 


81030 


18970 


07575 


26545 


8 


,S3 


73474 


92416 


81058 


18942 


07584 


26526 


7 


54 


73494 


92408 


81086 


18914 


07592 


26506 


6 


55 


73513 


92400 


81113 


18887 


07600 


26487 


5 


56 


73533 


92392 


81141 


18859 


07608 


26467 


4 


57 


73552 


92384 


81169 


18831 


07616 


26448 


3 


58 


73572 


92376 


81196 


18804 


07624 


26428 


2 


59 


73591 


92367 


81224 


18776 


07633 


26409 


1 


60 


73611 


92359 


81252 


18748 


07641 


26389 II 




Co-sine. 


Sine. 


Co-tang. 


Tangent. 


Co-secant 


Secant. 


M. )| 



57 Degrees. 



Artificial Sines, Tang, and Sec. 33 Degrees. 141 



M. 


Sine. 


Co-sine. 


Tangent. 


Co-tang. 


Secant. 


Co-secant 


60 





9.73611 


9.92359 


9.81252 


10.18748 


10.07641 


10.26389 


1 


73630 


92351 


81279 


18721 


07649 


26370 


59 


ft 


73650 


92343 


81307 


18693 


07657 


26350 


58 


3 


73669 


92335 


81335 


18665 


07665 


26331 


57 


4 


73689 


92326 


8136^ 


18638 


07674 


26311 


56 


6 


73708 


92318 


81390 


18610 


07682 


26292 


55 


6 


73727 


92310 


81418 


18582 


07690 


26273 


54 


7 


73747 


. 92302 


81445 


18555 


07698 


26253 


53 


8 


73766 


92293 


81473 


18527 


07707 


26234 


52 


9 


73785 


92285 


81500 


18500 


07715 


26215 


51 
50 


10 


9.73805 


9.92277 


9.81528 


10.18472 


10.07723 


10.26195 


11 


73824 


92269 


81556 


18444 


07731 


26176 


49 


12 


73843 


92260 


81583 


18417 


07740 


26157 


48 


13 


73863 


92252 


81611 


18389 


07748 


26137 


47 


14 


73882 


92244 


81638 


18362 


07756 


26118 


46 


15 


73901 


92235 


81666 


18334 


07765 


26099 


45 


16 


73921 


92227 


81693 


18307 


07773 


26079 


44 


17 


73940 


92219 


81721 


18279 


07781 


26060 


43 


18 


73959 


92211 


81748 


18252 


07789 


26041 


42 


19 


73978 


92202 


81776 


18224 


07798 


26022 


41 
40 


20 


9.73997 


9.92194 


9.81803 


10.18197 


10.07806 


10.26003 


21 


74017 


92186 


81831 


18169 


07814 


25983 


39 


22 


74036 


92177 


81858 


18142 


07823 


25964 


38 


23 


74055 


92169 


818^6 


18114 


07831 


25945 


37 


24 


74074 


92161 


81913 


18087 


07839 


25926 


36 


25 


74093 


92152 


81941 


18059 


07848 


25907 


35 


26 


74113 


92144 


81968 


18032 


07856 


25887 


34 


ftt 


74132 


92136 


81996 


18004 


07864 


25868 


33 


28 


74151 


92127 


82023 


17977 


07873 


25849 


32 


29 


74170 


92119 


82051 


17949 


07881 


25830 


31 
30 


30 


9.74189 


9.92111 


9.82078 


10.17922 


10.07889 


10.25811 


31 


74208 


92102 


82106 


. 17894 


07898 


25792 


29 


32 


74227 


92094 


82133 


17867 


07906 


25773 


28 


33 


74246 


92086 


82161 


17839 


07914 


25754 


27 


34 


74265 


92077 


82188 


17812 


07923 


25735 


26 


35 


74284 


92069 


82215 


17785 


07931 


25716 


25 


36 


74303 


92060 


82243 


17757 


07940 
67948 


25697 


24 


37 


74322 


92052 


82270 


17730 


25678 


23 


38 


74341 


92044 


82298 


17702 


07956 


25659 


22 


39 


74360 


92035 


82325 


17675 


07965 


25640 


21 
20 


40 


9.74379 


9.92027 


9.82352 


10.17648 


10.07973 


10.25621 


41 


74398 


92018 


82380 


17620 


07982 


25602 


19 


42 


74417 


92010 


82407 


17593 


07990 


25583 


18 


43 


74436 


92002 


82435 


17565 


07998 


25564 


17 


44 


74455 


91993 


82462 


17538 


08007 


25545 


16 


45 


74474 


91985 


82489 


17511 


08015 


25526 


15 


46 


74493 


91976 


82517 


17483 


08024 


25507 


14 


47 


74512 


91968 


82544 


17456 


08032 


25488 


13 


48 


74531 


91959 


82571 


17429 


08041 


25469 


12 


49 
50 


74549 


91951 


82599 


17401 


08049 


25451 


11 

10 


9.74568 


9.91942 


9.82626 


10.17374 


10.08058 


10.25432 


51 


74587 


91934 


82653 


17347 


08066 


25413 


9 


52 


74606 


91925 


82681 


17319 


08075 


25394 


8 


53 


74625 


91917 


82708 


17292 


08083 


25375 


7 


54 


74644 


91908 


82735 


17265 


08092 


25356 


6 


55 


74662 


91900 


82762 


17238 


08100 


25338 


5 


56 


74681 


91891 


82790 


17210 


08109 


25319 


4 


57 


74700 


91883 


82817 


17183 


08117 


25300 


3 


58 


74719 


91874 


82844 


17156 


08126 


25281 


2 


59 


74737 


91866 


82871 


17129 


08134 


25263 


1 


60 


74756 


91857 


82899 


17101 


08143 


25244 




M. 




Co-Bine. 


Sine. 


Co-tang^. 


Tangent. 


Co-secant 


Secant. 



66 Degrees. 
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Artificial Sines, Tang, and Sec 34 Degrees. 




M. 


Sine. 


Co-line. 


Twagent. 


Co-tang. 


Secant. *" 


Co-Mcant 1 





9.74756 


9.91867 


9.82899 


10.17101 


10.08143 


10.25244 


60 


1 


74775 


91849 


82926 


17074 


06151 


25225 


59 


3 


74794 


91840 


82963 


17047 


08160 


25206 


58 


3 


74812 


91832 


82980 


17020 


08168 


25188 


57 


4 


74831 


91823 


83008 


"" 16992 


08177 


25169 


56 


5 


74850 


91816 


83035 


16966 


08185 


25160 


55 


6 


74868 


91806 


83062 


16938 


08194 


25132 


54 


7 


74887 


91798 


83089 


16911 


08202 


25113 


53 


8 


74906 


91789 


83117 


16883 


08211 


25094 


52 


9 


74924 


91781 


83144 


16866 


08219 


25076 


51 
50 


10 


9.74943 


9.91772 


9.83171 


10.16829 


10.08228 


10.25057 


11 


74961 


91763 


83198 


16802 


06237 


25039 


49 


IS 


74980 


91766 


83225 


16776 


08245 


25020 


48 


13 


74999 


91746 


83252 


16748 


08264 


25001 


47 


14 


76017 


91738 


83280 


16720 


08262 


24983 


46 


15 


75036 


91729 


83307 


16693 


08271 


24964 


45 


16 


75054 


91720 


83334 


16666 


08280 


24946 


44 


17 


76073 


91712 


83361 


16639 


08288 


24927 


43 


18 


75091 


91703 


83388 


16612 


08297 


24909 


42 


19 


76110 


91695 


83416 


16585 


08305 


24890 


41 
40 


20 


9.76128 


9.91686 


9.83442 


10.16568 


10.08314 


10.24872 


21 


76147 


91677 


83470 


16530 


08323 


24853 


39 


22 


76165 


91669 


83497 


16603 


08331 


34835 


38 


23 


75184 


91660 


83524 


16476 


08340 


24816 


37 


24 


76202 


91651 


83651 


16449 


08349 


24798 


36 


25 


75221 


91643 


83678 


16422 


08367 


24779 


35 


26 


75239 


91634 


83606 


16395 


08366 


24761 


34 


27 


75258 


&1625 


83632 


16368 


08375 


24742 


33 


28 


76276 


91617 


83659 


16341 


08383 


24724 


32 


29r 


76294 


91608 


83686 


16314 


08392 


24706 


31 
30 


30 


9.76313 


9.91699 


9.83713 


10.16287 


10.08401 


10.24687 


31 


76331 


91591 


83740 


16260 


08409 


24669 


29 


32 


76350 


91582 


83768 


16232 


08418 


24650 


28 


33 


76368 


91573 


83795 


16205 


08427 


24632 


sn 


34 


76386 


91565 


83822 


16178 


08435 


24614 


26 


35 


75405 


91566 


83849 


16151 


06444 


24595 


25 


36 


75423 


91547 


83876 


16124 


08453 


24577 


24 


37 


75441 


91538 


83903 


16097 


0B462 


24559 


23 


38 


75469 


91530 


83930 


16070 


08470 


24541 


22 


39 


76478 


91621 


83957 


16043 


08479 


24522 


21 
20 


40 


9.75496 


9.91512 


9.83984 


10.16016 


10.08488 


10.24604 


41 


75514 


91504 


84011 


15989 


08496 


24486 


19 


42 


75533 


91495 


84038 


15962 


08505 


24467 


18 


43 


75561 


91486 


84066 


15936 


08514 


24449 


17 


44 


75569 


91477 


84092 


15908 


08523 


24431 


16 


45 


76587 


91469 


84119 


15881 


08531 


24413 


15 


46 


75605 


91460 


84146 


15854 


08540 


24395 


14 


47 


75624 


91451 


84173 


15827 


06549 


24376 


13 


48 


75642 


91442 


84200 


15800 


08568 


24358 


12 


49 


75660 


91433 


84227 


16773 


08567 


24340 


11 
10 


50 


9.75678 


9.91425 


9.84254 


10.16746 


10.08675 


10.24322 


51 


76696 


91416 


84280 


16720 


08584 


24304 


9 


52 


75714 


91407 


84307 


15693 


08593 


24286 


8 


53 


75733 


91398 


84334 


15666 


08602 


24267 


7 


54 


75751 


•91389 


84361 


15639 


06611 


24249 


6 


55 


75769 


91381 


84388 


15612 


08619 


24231 


6 


56 


. 75787 


91372 


84415 


15585 


08628 


24213 


4 


57 


75805 


91363 


84442 


15558 


08637 


24195 


3 


58 


76823 


91354 


84469 


15531 


08646 


24177 


2 


59 


76841 


91345 


84496 


15504 


08655 


24159 


1 


60 


76859 


91336 


84523 


15477 


08664 


24141 




M. 


■ 


Co-sine. 


Sine. 


Ci>-tang^. 


Tanfent 


Co-Mcant 


Secant. 



66 Degrees. 



Arti6cial Sines, Tang, and Sec 35 Degreei. T43 



M. 


Sine. 


Co-tm«. 


Tangent. 


Co-tang. 


Secant. 


Co-Moant 


60 





9.75859 


9.91336 


9.S4523 


10.15477 


10.08664 


10.24141 


1 


75877 


91328 


34550 


15450 


08672 


24123 


60 


t 


75895 


91319 


84576 


16424 


08681 


24106 


68 


3 


76913 


91310 


84603 


16397 


08690 


24067 


67 


4 


75931 


91301 


84630 


16370 


08699 


24069 


66 


6 


75949 


91292 


84657 


15343 


08708 


24051 


56 


6 


75967 


91283 


84684 


16316 


08717 


24033 


64 


7 


75985 


91274 


84711 


16289 


08726 


24015 


53 


• 


76003 


91265 


84738 


15262 


08734 


23997 


52 


9 


76021 


91257 


84764 


16236 


08743 


23979 


51 
50 


W 


9.76039 


9.91248 


9.84791 


10.16209 


10.08752 


10.23961 


11 


76057 


91239 


84818 


16182 


08761 


23943 


49 


It 


76075 


91230 


84846 


16156 


08770 


23926 


48 


13 


76093 


91221 


84872 


16128 


08779 


23907 


47 


14 


76111 


91212 


84899 


16101 


08788 


28889 


46 


1$ 


76129 


91203 


84925 


16076 


08797 


23871 


46 


16 


76146 


91194 


84952 


16048 


08806 


23854 


44 


17 


76164 


91185 


84979 


16021 


08815 


23836 


43 


18 


76182 


911'*6 


86006 


14994 


08824 


23818 


42 


19 


76200 


91167 


86033 


14967 


08833 


23800 


41 
40 


ao 


9.76218 


9.91168 


9.86069 


10.14941 


10.08842 


10.23782 


21 


76236 


91149 


85086 


14914 


08851 


23764 


39 


» 


76253 


91141 


86113 


14887 


08859 


23747 


38 





76271 


91132 


86140 


14860 


08868 


23729 


37 


M 


76289 


91123 


86166 


14834 


08877 


23711 


36 


2S 


76307 


91114 


86193 


14807 


08886 


23693 


36 


Sfi 


76324 


91105 


86220 


14780 


08895 


23676 


34 


27 


76342 


91096 


86247 


14753 


08904 


23658 


Jtt 


28 


76360 


91087 


86273 


14727 


08913 


23640 


32 


29 


76378 


91078 


86300 


14700 


08922 


23622 


31 
30 


36 


9.76395 


9.91069 


9.86327 


10.14673 


10.08931 


10.23605 


31 


76413 


91060 


85354 


14646 


08940 


23587 


29 


32 


76431 


91061 


86380 


14620 


08949 


23569 


28 


33 


76448 


91042 


86407 


14593 


08958 


23552 


27 


34 


76466 


91033 


85434 


14566 


08967 


23534 


26 


35 


76484 


61023 


85460 


14540 


08977 


23516 


26 


36 


76601 


91014 


85487 


14513 


08986 


23499 


24 


37 


76619 


91005 


86514 


14486 


08995 


23481 


23 


tlH 


76637 


90996 


86540 


14460 


09004 


23463 


22 


39 


76554 


90987 


86567 


14433 


09013 


23446 


21 
20 


40 


9.76672 


9.90978 


9.85694 


10.14406 


10.09022 


10.23428 


41 


76590 


90069 


85620 


14380 


09031 


23410 


19 


42 


76607 


90960 


85647 


14353 


09040 


23393 


18 


43 


76625 


90951 


85674 


14326 


09049 


23375 


17 


44 


76642 


90942 


85700 


14300 


09058 


23358 


16 


46 


76660 


90933 


85727 


14273 


09067 


23340 


16 


46 


76677 


90924 


86754 


14246 


09076 


23323 


14 


47 


76695 


90915 


86780 


14220 


09085 


23305 


13 


48 


76712 


90906 


86807 


14193 


09094 


23288 


12 


49 

no 


76730 


96896 


86834 


14166 


09104 


23270 


11 
10 


9.76747 


9.90887 


9.86860 


10.14140 


10.09113 


10.23253 


51 


76765 


80678 


86887 


14113 


09122 


23235 


9 


52 


76782 


96869 


86913 


14087 


09131 


13218 


8 


53 


76800 


90860 


86940 


14060 


09140 


23200 


7 


54 


76817 


90851 


85967 


14033 


09149 


23183 


6 


56 


76836 


90842 


86993 


14007 


00158 


23165 


6 


56 


76852 


90832 


86020 


13080 


09168 


23148* 


4 


57 


76870 


90823 


86046 


0954 


09177 


23130 


3 


58 


76887 


90614 


86073 


13927 


09186 


23113 


2 


59 


76904 


90805 


86100 


13900 


00196 


23096 


1 


60 


# 76922 


90796 


86126 


13874 


09204 


23078 







Co-ttne. 


8ine. 


Co*Uuig. 


Tangent. 


Co-Mcant 


Secant. 


M.| 



54 D^g;ree8% 
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Artificial Sines, Tang 


. and Sec. 36 Degrees. 




w 


Sine. 


Co-sin«. 


Tan^nt. 


Co-tang^. 


Secant. 


Co-secant 
10.23078 







9.76922 


9.90796 


9.86126 


10.13874 


10.09904 


60 


1 


76939 


90787 


86153 


13847 


09213 


23061 


59 


t 


76957 


90777 


86179 


13821 


09223 


23043 


58 


3 


76974 


90768 


86206 


13794 


09232 


23026 


57 


4 


76991 


90759 


86232 


13768 


09241 


23009 


56 


5 


77009 


90750 


86259 


13741 


09250 


22991 


66 


6 


77026 


90741 


86285 


13715 


09259 


22974 


64 


7 


77043 


90731 


86312 


13688 


09969 


22957 


63 


8 


77061 


90722 


£6338 


13662 


09278 


22939 


62 


9 


77078 


90713 


86365 


13635 


09287 


22922 


51 
50 


10 


9.77095 


9.90704 


9.86392 


10.13606 


10.09296 


10.22906 


11 


W112 


90694 


86418 


13582 


09306 


22888 


49 


IS 


77130 


90685 


86445 


13555 


09815 


22870 


48 


13 


77147 


90676 


86471 


13629 


09824 


22853 


47 


14 


77164 


90667 


86498 


13602 


09833 


22836 


46 


15 


77181 


90657 


86524 


13476 


09343 


29819 


45 


Id 


77199 


90648 


86551 


13449 


09852 


22801 


44 


17 


77216 


90639 


86577 


13423 


09861 


22784 


43 


18 


77233 


90630 


86603 


13397 


09870 


22767 


4t 


19 


77250 


90620 


86630 


13370 


09380 


22750 


41 
40 


90 


9.77268 


9.90611 


9.86656 


10.13344 


10.09389 


10.22732 


21 


77285 


90602 


86683 


' 13317 


09398 


22715 


39 


22 


77302 


90592 


86709 


13291 


09408 


22698 


3B 


23 


77319 


90583 


86736 


13B64 


09417 


29681 


37 


24 


77336 


90574 


86762 


13238 


09426 


29664 


96 


25 


77353 


90565 


86789 


13211 


. 09435 


29647 


96 


26 


77370 


90655 


86815 


13185 


09445 


22630 


34 


27 


77387 


90646 


86842 


13158 


09454 


29613 


93 


28 


77405 


90537 


86868 


13132 


09463 


22595 


92 


29 


77422 


90527 


86894 


13106 


09473 


22578 


31 
90 


30 


9.77439 


9.90518 


9.86921 


10.13079 


10.09482 


10.22561 


31 


77456 


90509 


86947 


13053 


09491 


22544 


29 


32 


77473 


90499 


86974 


19026 


09601 


22527 


28 


33 


77490 


90490 


87000 


13000 


09510 


29510 


27 


34 


77507 


90480 


87027 


12973 


09620 


22493 


96 


35 


77624 


90471 


87053 


12047 


09529 


22476 


25 


36 


77541 


90462 


87079 


12021 


09538 


29459 


24 


37 


77558 


90452 


87106 


12894 


09548 


22442 


23 


38 


77575 


90443 


87132 


12868 


09557 


29425 


22 


39 


77592 


90434 


87158 


12842 


09566 


99408 


21 
20 


40 


9.77609 


9.90424 


9.87185 


10.12815 


10.09576 


10.92391 


41 


77626 


90415 


87211 


12789 


09585 


22374 


19 


42 


77643 


00405 


87238 


12762 


09595 


29357 


18 


43 


77660 


90896 


87264 


12736 


09604 


99340 


17 


44 


77677 


90386 


' 87290 


12710 


09614 


99393 


16 


45 


77694 


90877 


87317 


12683 


09623 


99306 


16 


46 


77711 


90868 


37343 


12657 


00632 


99989 


14 


47 


77728 


90858 


87369 


12631 


09642 


92972 


13 


48 


77744 


90349 


87396 


12604 


09651 


29256 


19 


49 


77761 


90339 


87422 


12578 


09661 


22239 


11 


SO 


9.77778 


9.90390 


9.87448 


10.12552 


10.09670 


10 9??^ 


10 


51 


77795 


90320 


87475 


12525 


09680 


22205 





52 


77812 


90811 


87501 


12499 


09689 


22188 


8 


53 


77829 


90801 


87527 


12473 


09699 


22171 


7 


54 


77846 


90292 


87554 


12446 


09708 


22154 


6 


55 


77862 


90282 


87580 


12420 


09718 


22138 


6 


56 


77879 


90273 


87606 


12394 


09727 


22121 


4 


57 


77896 


90263 


87633 


12367 


09737 


22104 


3 


58 


77913 


90254 


87659 


12341 


09746 


22087 


9 


59 


77930 


90244 


87685 


12315 


09756 


22070 


1 


60 


77946 


90235 


87711 


12289 


09765 


2205^ 





== 


Co-«in«. 


Sine. 


Cl>-tAll^. 


Twagent, 


Co-secant 


Secant. 1 


M. 



53 Degrees. 





Artificial Sines, Tang. 


and Sec. 37 Degrees. 


145 


M. 


Siue. 


Co-sine. 


Tangent. 


Co-taog. 


Secant. 


Co-secant 


60 





9.77946 


9.90^35 


9.87711 


10. 12289 


10.09765 


10.22054 


1 


77963 


90225 


87738 


12262 


09775 


22037 


59 


« 


77980 


90216 


87764 


12236 


09784 


22020 


58 


3 


77997 


90206 


87790 


12210 


00794 


»003 


57 


4 


78013 


90197 


87817 


12183 


00803 


21987 


56 


5 


78030 


90187 


87843 


12157 


09813 


21970 


55 


6 


78047 


90178 


87869 


12131 


09822 


21953 


54 


7 


78063 


90168 


87895 


12105 


09832 


21937 


53 


8 


78080 


90159 


87922 


12078 


09841 


21920 


52 


9 


78097 


90149 


87948 


12052 


09851 


21903 


51 
50 


10 


9.78113 


9.90139 


9.87974 


10.12026 


10.09861 


10.21887 


11 


78130 


90130 


88000 


12000 


09870 


21870 


49 


12 


78147 


90120 


88027 


11973 


00880 


21853 


48 


13 


78163 


90111 


88053 


11947 


09889 


21837 


47 


14 


78180 


90101 


88079 


11921 


09899 


21820 


46 


15 


78197 


90091 


88105 


11895 


09909 


21803 


45 


16 


78213 


90082 


88131 


11869 


00918 


21787 


44 


17 


78230 


90072 


88158 


11842 


09928 


21770 


43 


18 


78246 


90063 


88184 


11816 


09937 


21754 


42 


19 


78263 


90053 


88210 


11790 


09947 


21737 


41 
40 


20 


9.78280 


9.90043 


9.88236 


10.11764 


10.09957 


10.21720 


21 


78296 


90034 


88262 


11738 


09966 


21704 


39 


22 


78313 


90024 


88289 


11711 


09976 


21687 


38 


23 


78329 


90014 


88315 


11685 


09986 


21671 


37 


24 


78346 


90005 


88341 


11659 


09995 


21654 


36 


25 


78362 


89995 


88367 


11633 


10005 


21638 


35 


26 


78379 


89985 


88393 


11607 


10015 


21621 


34 


27 


78395 


89976 


88420 


11580 


10024 


21605 


33 


28 


78412 


89966 


88446 


11554 


10034 


21588 


32 


29 


78428 


89956 


88472 


11528 


10044 


21572 


31 
30 


30 


9.78445 


9.89947 


9.88498 


10.11502 


10.10053 


10.21555 


31 


78461 


89937 


88524 


11476 


10063 


21539 


29 


32 


78478 


89927 


88550 


11450 


10073 


21522 


28 


33 


78494 


89918 


88577 


11423 


10082 


21506 


27 


34 


78510 


89908 


88603 


11397 


10092 


21490 


26 


36 


78527 


89898 


88629 


11371 


10102 


21473 


25 


36 


78543 


89888 


88655 


1134S 


10112 


21457 


24 


37 


78560 


89879 


88681 


11319 


10121 


21440 


23 


38 


78576 


89869 


88707 


11293 


10131 


21424 


22 


39 


78592 


89859 


88733 


11267 


10141 


21408 


21 
20 


40 


9.78609 


9.89849 


9.88769 


10.11241 


10.10151 


10.21391 


41 


78625 


89840 


88786 


11214 


10160 


21375 


19 


42 


78642 


89830 


88812 


11188 


10170 


21358 


18 


43 


78658 


' 89820 


88838 


11162 


10180 


21342 


17 


44 


78674 


89810 


9 88864 


11136 


10190 


21326 


16 


45 


78691 


89801 


88890 


11110 


10199 


21309 


15 


46 


78707 


89791 


88916 


11084 


10209 


21293 


14 


47 


78723 


89781 


88942 


11058 


10219 


21277 


13 


48 


78739 


89771 


88968 


11032 


10229 


21261 


12 


49 


78756 


89761 


88994 


11006 


10239 


21244 


11 
10 


50 


9.78772 


9.89752 
99742 


9.89020 


10.10980 


10.10248 


10.21228 


51 


78788 


89046 


10954 


10258 


21212 


9 


52 


78805 


89732 


89073 


10927 


10268 


21195 


8 


53 


78821 


89722 


89099 


10901 


10278 


21179 


7 


54 


78837 


89712 


89125 


10875 


10288 


21163 


6 


55 


78853 


89702 


89151 


10849 


10298 


21147 


5 


56 


78869 


89693 


89177 


10823 


10307 


21131 


4 


57 


78886 


89683 


89203 


10797 


10317 


21114 


3 


56 


78902 


89673 


89229 


10771 


10327 


21098 


2 


59 


78918 


89663 


89255 


10745 


10337 


21082 


1 


60 


78934 


89653 


89281 


10719 


10347 


21066 




M. 




Co-stnc. 


Sine. 


Co-tang. 
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Secant. 
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146 Artificial Sines, Tang, and Sec 38 Degrees. 



rsr 


Sine. 


Co-siae. 
9.89653 


Tangent. 


Co-tang. 


Secant. 


Co-aecant 


1 





9.78934 


9.89281 


10.10719 


10.10347 


10.21066 60 11 


1 


78950 


89643 


89307 


10693 


10357 


21050 


59 


t 


78967 


89633 


89333 


10667 


10367 


21033 


58 


3 


78983 


89624 


89359 


10641 


10376 


21017 


57 


4 


78999 


89614 


89385 


10615 


10386 


21001 


56 


6 


79015 


89604 


89411 


10589 


10396 


20985 


55 





79031 


89594 


89437 


10563 


10406 


20969 


54 


7 


79047 


89584 


89463 


10537 


10416 


20953 


53 


8 


79063 


89574 


89489 


10511 


10426 


20937 


52 


9 


79079 


89564 


89515 


10485 


10436 


20921 


51 


10 


9.79095 


8.89554 


9.89541 


10. 10459 


10.10446 


10.20905 


50 


11 


79111 


89544 


89567 


10433 


10456 


20889 


49 


IS 


79128 


89534 


89593 


10407 


10466 


20872 


48 


13 


79144 


89524 


89619 


10381 


10476 


20856 


47 


14 


79160 


89514 


89645 


10355 


10486 


20840 


46 


15 


79176 


89504 


89671 


10329 


10496 


80624 


45 


16 


79192 


89495 


89697 


10303 


10505 


20808 


44 


17 


, 79208 


89485 


89723 


10277 


10515 


20792 


43 


18 


79224 


89475 


89749 


10251 


10525 


20776 


42 


ID 


79240 


89465 


89775 


10225 


10535 


20760 


41 


SO 


9.79256 


9.89455 


9.89801 


10.10199 


10.10545 


10.20744 


40 


SI 


79272 


89445 


89827 


10173 


10555 


J0728 


39 


SS 


79288 


89435 


89853 


10147 


10565 


1 20712 


38 


23 


79304 


89425 


89879 


10121 


10575 


V 20696 


37 


S4 


79319 


89415 


89905 


10095 


10585 


20681 


36 


25 


79335 


89405 


89931 


10069 


10595 


20665 


35 


26 


79351 


89395 


89957 


10043 


10605 


20649 


34 


27 


79367 


89385 


89983 


10017 


10615 


20633 


33 


SB 


79383 


89375 


90009 


09991 


10625 


20617 


32 


29 


79399 


89364 


90035 


09965 


10636 


20601 


31 


.ft) 


9.79415 


9.89354 


9.90061 


10.09939 


10.10646 


10.20585 


30 


31 


79431 


89344 


90086 


09914 


10656 


20569 


29 


32 


79447 


89334 


90112 


09888 


10666 


20553 


28 


33 


79463 


89324 


90138 


09862 


10676 


20537 


27 


34 


79478 


89314 


90164 


09836 


10686 


20522 


26 


35 


79494 


89304 


90190 


09810 


10696 


20506 


25 


36 


79510 


89294 


• 90216 


09784 


10706 


20490 24 II 


37 


79526 


89284 


90242 


09758 


10716 


20474 


23 


38 


79542 


89274 


90268 


09732 


10726 


20458 


22 


39 


79558 


89264 


90294 


09706 


10736 


80442 


21 


40 


9.79573 


9.89254 


9.90320 


10.09680 


10.10746 


10.20427 


20 


41 


79589 


89244 


90346 


09654 


10756 


20411 


19 


42 


79605 


89233 


90371 


09629 


10767 


20395 


18 


43 


79621 


89223 


90397 


09603 


10777 


20379 


17 


44 


79636 


89213 


90423 


09577 


10787 


20364 


16 


45 


79652 


89203 


90449 


09551 


10797 


80348 


15 


46 


. 79668 


89193 


90475 


09525 


10607 


20332 


14 


47 


79684 


89183 


90501 


09499 


10817 


20316 


13 


48 


79699 


89173 


90527 


09473 


10827 


20301 


12 


49 


79715 


89162 


90553 


09447 


10838 


80285 


11 
10 


50 


9.79731 


9.89152 


9.90578 


10.09422 


10.10848 
10858 


10.20269 


51 


79746 


89142 


90604 


09396 


80254 


9 


52 


79762 


89132 


90630 


09370 


10868 


20238 


8 


53 


79778 


89122 


90656 


09344 


10878 


20222 


7 


54 


79793 


89112 


90682 


09318 


10888 


20207 


6 


55 


79809 


89101 


90708 


09292 


10899 


80191 


5 


56 


79825 


89091 


90734 


09266 


10909 


80175 


4 


57 


79640 


89081 


90759 


09241 


10919 


80160 


3 


58 


79856 


89071 


90785 


09215 


10929 


80144 


8 


59 


79872 


88060 


90811 


09189 


10940 


20128 


1 


60 


79887 


89050 


90837 


09163 


10950 
Co-secant 


80113 







Co-«ii«. 


"fciie. 


Ct^tKDfl. 


Tangent. 


Secant. M. || 
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greet. 











Artificial Sines, Tang, and Sec. 39 Degrees. ^ 


147 


M. 


Sine. 


Co-sine. 


TaDg;ent. 


Co-tang;. 


Secant. 


Co-tecant 


60 





9.79887 


9.89050 


9.90837 


10.09163 


10.10950 


10.20113 


1 


79903 


89040 


90863 


09137 


10960 


20097 


59 


2 


79918 


89030 


90889 


09111 


10970 


20082 


58 


3 


79934 


89020 


90914 


09086 


10980 


20066 


57 


i 4 


79950 


89009 


90940 


09060 


10991 


20050 


66 


5 


79965 


88999 


90966 


09034 


11001 


20035 


65 


6 


79981 


88989 


90992 


09008 


lion 


20019 


54 


7 


79996 


88978 


91018 


08982 


11022 


20004 


53 


8 


80012 


88968 


91043 


08957 


11032 


19988 


52 


9 


80027 


88958 


91069 


08931 


11042 


19973 


61 
60 


10 


9.80043 


9.88948 


' 9.91095 


10.08905 


10.11052 


10.19957 


11 


80058 


88937 


91121 


08879 


11063 


19942 


49 


13 


80074 


88927 


91147 


08853 


11073 


19926 


48 


13 


80089 


88917 


91172 


08828 


11083 


19911 


47 


14 


80105 


88906 


91198 


08802 


11094 


19895 


46 


15 


80120 


88896 


91224 


08776 


11104 


19880 


45 


16 


80136 


88886 


91250 


08750 


11114 


19864 


44 


17 


80151 


88875 


91276 


08724 


11125 


19849 


43 


18 


80166 


88865 


91301 


08699 


11135 


19834 


42 


19 


80182 


88855 


91327 


08673 


11145 


19818 


41 
40 


20 


9.80197 


9.88844 


9.91353 


10.08647 


10.11156 


10. 19803 


21 


80213 


88834 


91379 


08621 


11166 


19787 


39 


22 


80228 


88824 


91404 


08596 


11176 


19772' 


38 


23 


80244 


88813 


91430 


08570 


11187 


19756 


37 


24 


80259 


88803 


91456 


08544 


11197 


19741 


36 


25 


80274 


88793 


91482 


08518 


11207 


19726 


35 


26 


80290 


88782 


91507 


08493 


11218 


19710 


34 


27 


80305 


88772 


91533 


08467 


11228 


19695 


33 


28 


80320 


88761 


91559 


06441 


11239 


19680 


32 


29 


80336 


88751 


91585 


08415 


11249 


19664 


31 
30 


30 


9.80351 


9.88741 


9.91610 


10.08390 


10.11259 


10.19649 


31 


80366 


88730 


91636 


08364 


11270 


19634 


29 


32 


80382 


88720 


91662 


08338 


11280 


19618 


28 


33 


80397 


88709 


91688 


08312 


11291 


19603 


27 


34 


80412 


88699 


91713 


08287 


11301 


19588 


26 


35 


80428 


88688 


91739 


08261 


11312 


19572 


25 


36 


80443 


88678 


91765 


08235 


11322 


19557 


24 


37 


80458 


88668 


91791 


08209 


11332 


19542 


23 


38 


80473 


88657 


91816 


08184 


11343 


19527 


22 


39 
40 


80489 


88647 


91842 


08158 


11353 


19511 


21 
20 


9.80504 


9.88636 


9.91868 


10.08132 


10.11364 


10.19496 


41 


80519 


88626 


91893 


08107 


11374 


19481 


19 


42 


80534 


88615 


91919 


06081 


11385 


19466 


18 


43 


80550 


88605 


91945 


08055 


11395 


19450 


17 


44 


80565 


88594 


91971 


08029 


11406 


19435 


16 


45 


80580 


88584 


91996 


08004 


11416 


19420 


15 


46 


80595 


88573 


92022 


07978 


11427 


19405 


14 


47 


80610 


88563 


92048 


07952 


11437 


19390 


13 


48 


80625 


88552 


92073 


07927 


11448 


19375 


12 


49 


80641 


88542 


92099 


07901 


11458' 


19359 


11 

10 


50 


9.80656 


9.88531 


9.92125 


10.07875 


10.11469 


10.19344 


51 


80671 


88521 


92150 


07850 


11479 


19329 


9 


52 


80686 


88510 
88499 


92176 


07824 


11490 


19314 


8 


53 


80701 


92202 


07798 


11501 


19299 


7 


54 


80716 


88489 


92227 


07773 


11511 


19284 


6 


55 


80731 


88478 


92253 


07747 


11522 


19269 


5 


56 


80746 


88468 


92279 


07721 


11532 


19254 


4 


57 


80762 


88457 


92304 


07696 


11543 


1923a 


3 


58 


80777 


88447 


92330 


07670 


11553 


19223 


2 


59 


80792 


88436 


92356 


07644 


11564 


19208 


1 


60 


80807 


88425 


9S381 


07619 


11575 


19193 



M. 




Co-sipe. 


Sine. 


Co-tangf. 


Tang^ent. 


Co-iecant 


Secant. 
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148 ^ Artificial Sines, Tang, and Sec 40 Degrees 



M. 


Sine. 


Co-aine. 
9.88425 


Tangent. 
9.92381 


Co-tang. 
10.07619 


Secant. 


Co-secant 
10.19193 


nl 





9.80807 


10.11575 


60 


1 


80822 


88415 


92407 


07593 


11585 


19178 


59 


2 


80837 


88404 


92433 


07567 


11596 


19163 


58 


3 


80852 


88394 


92458 


07542 


11606 


19148 


57 


4 


80867 


88383 


92484 


07516 


11617 


19133 


56 


5 


80882 


88372 


92510 


07490 


11628 


19118 


55 


6 


80897 


88362 


92535 


07465 


11638 


19103 


54 


7 


80912 


88351 


92561 


07439 


11649 


19088 


53 


8 


80927 


88340 


92587 


07413 


11660 


19073 


52 


9 


80942 


88330 


92612 


07388 


11670 


19058 


51 


10 


9.80957 


9.88319 


9.92638 


10.07362 


10.11681 


10.19043 


50 


11 


80972 


88308 


92663 


07337 


M692 


19028 


49 


12 


80987 


88298 


92689 


07311 


11702 


19013 


48 


13 


81002 


88287 


92715 


07285 


11713 


18998 


47 


14 


81017 


88276 


92740 


07260 


11724 


18983 


46 


15 


81032 


88266 


92766 


07234 


11734 


18968 


45 


16 


81047 


88255 


92792 


07208 


11745 


18953 


44 


17 


81061 


88244 


92817 


07183 


11756 


18939 


43 


18 


81076 


88234 


92843 


07157 


11766 


18924 


42 


19 


81091 


88223 


92868 


07132 


11777 


18909 


41 
40 


.20 


9.81106 


9.88212 


9.92894 


10.07106 


10.11788 


10.18894 


21 


81121 


88201 


92920 


07080 


11799 


18879 


39 


22 


81136 


88191 


92945 


07055 


11809 


18864 


38 


S3 


81151 


88180 


92971 


07029 


11820 


18849 


37 


24 


81166 


88169 


92996 


07004 


11831 


18834 


36 


25 


81180 


88158 


93022 


06978 


11842 


18820 


as 


26 


81195 


88148 


83048 


06952 


11852 


18805 


34 


27 


81210 


88137 


93073 


06927 


11863 


18790 


t« 


28 


81225 


88126 


93099 


06901 


11874 


18775 


32 


29 


81240 


88115 


93124 


06876 


11885 


18760 


31 


30 


9.81254 


9.88105 


9.93150 


10.06850 


10.11895 


10.18746 


30 


31 


81269 


88094 


93175 


06825 


11906 


18731 


29 


32 


81284 


88083 


93201 


06799 


11917 


18716 


28 


33 


81299 


88072 


93227 


06773 


11928 


18701 


27 


34 


81314 


88061 


93252 


06748 


11939 


18686 


26 


35 


81328 


88051 


93278 


06722 


11949 


18672 


25 


36 


81343 


88040 


93303 


06697 


11960 


18657 


24 


37 


81358 


88029 


93329 


06671 


11971 


18642 


23 


38 


81372 


88018 


93354 


06646 


11982 


18628 


22 


39 


81387 


88007 


93380 


06620 


11993 


18613 


21 
SO 


40 


9.81402 


9.87996 


9.93406 


10.06594 


10.12004 


10.18598 


41 


81417 


87985 


93431 


06569 


12015 


18583 


19 


42 


81431 


87975 


93457 


06543 


12025 


18569 


18 


43 


81446 


87964 


93482 


06518 


12036 


18554 


17 


44 


81461 


87953 


93508 


06492 


12047 


18539 


16 


45 


81475 


87942 


93533 


06467 


12058 


18525 


15 


46 


81490 


87931 


93559 


06441 


12069 


18510 


14 


47 


81505 


87920 


93584 


06416 


12080 


18495 


13 


48 


81519 


87909 


93610 


06390 


12091 


18481 


12 


49 
50 


81534 


87898 


93636 


06364 


12102 


18466 


11 


9.81549 


9.87887 


9.93661 


10.06339 


10.12113 


10.18451 


10 


51 


81563 


87877 


93687 


06313 


12123 


18437 


9 


52 


81578 


87866 


93712 


06288 


12134 


18422 


8 


63 


81592 


87855 


93738 


06262 


12145 


18408 


7 


54 


81607 


87844 


93763 


06237 


12156 


18393 


6 


55 


81622 


87833 


93789 


06211 


12167 


18378 


5 


56 


81636 


87822 


93814 


06186 


12178 


18364 


4 


57 


81651 


87811 


93840 


06160 


12189 


18349 


3 


58 


81665 


87800 


93865 


06135 


12200 


18335 


2 


59 


81680 


87789 


93891 


06109 


12211 


18320 


1 


60 


81694 


87778 


93916 


06084 


12222 


18306 




M. 




Co-aine. 


Sine. 


Co-tan^. 


Tan/rent 


Co-secant 


Secant. 



49 Degrees. 



Artificial Sines, Tang, and Sec. 41 Degrees. 149 



M. 


Sine. 


Co-sine. 


Tang^ent. 


[ Co-tang^. 


Secant. 


Co-secant 


60 





9.81694 


9.87778 


9.93916 


10.06084 


10.12222 


10.18306 


1 


81709 


87767 


93942 


06058 


12233 


18291 


59 


2 


81723 


87756 


93967 


06033 


12244 


18277 


58 


3 


81738 


87745 


93993 


06007 


12255 


18262 


57 


4 


81752 


87734 


94018 


05^82 


12266 


18248 


56 


5 


81767 


87723 


94044 


05956 


12277 


18233 


55 


6 


81781 


87712 


94069 


05931 


12288 


18219 


54 


7 


81796 


87701 


94095 


0^905 


12299 


18204 


53 


8 


81810 


87690 


94120 


05880 


12310 


18190 


52 


9 


81825 


8^79 


94146 


05854 


12321 


18175 


51 
50 


10 


9.81839 


9.87668 


9.94171 


10.05829 


10. 12332 


10.18161 


11 


81854 


87657 


94197 


05803 


12343 


18146 


49 


12 


81868 


87646 


94222 


06778 


12354 


18132 


48 


13 


81882 


87635 


94248 


06752 


12365 


18118 


47 


14 


81897 


87624 


94273 


05727 


12376 


18103 


46 


15 


81911 


87613 


94299 


05701 


12387 


18089 


45 


16 


81926 


87601 


94324 


05676 


12399 


18074 


44 


17 


81940 


87590 


94350 


05650 


/ 12410 


18060 


43 


18 


81955 


87579 


94375 


05625 


12421 


18045 


42 


19 


81969 


87568 


94401 


05599 


12432 


18031 


41 
40 


20 


9.81983 


9.87557 


9.94426 


10.05574 


10.12443 


10.18017 


21 


81998 


87546 


94452 


05548 


12454 


18002 


39 


122 


82012 


87535 


94477 


05523 


12465 


17988 


38 


' 23 


82026 


87524 


94503* 


05497 


12476 


17974 


37 


|24 


82041 


87513 


94528 


05472 


12487 


17959 


36 


{ 25 


82055 


87501 


94554 


05446 


12499 


17945 


35 


•26 


82069 


87490 


94579 


05421 


12510 


17931 


34 


27 


82084 


87479 


94604 


05396 


12521 


17916 


t« 


28 


82098 


87468 


94630 


06370 


12532 


17902 


32 


29 


82112 


87457 


94655 


05345 


12543 


17888 


31 
30 


30 


9.82126 


9.87446 


9.94681 


10.05319 


10.12554 


10.17874 


31 


82141 


87434 


94706 


05294 


12566 


17859 


29 


32 


82155 


87423 


94732 


05268 


12577 


17845 


28 


' ;w 


82169 


87412 


94757 


05243 


12588 


17831 


27 


34 


* 82184 


87401 


94783 


05217 


12599 


17816 


26 


1 35 


82198 


87390 


94808 


05192 


12610 


17802 


25 


i 36 


82212 


87378 


94834 


' 05166 


12622 


17788 


24 


37 


82226 


87367 


94859 


05141 


12633 


17774 


23 


38 


82240 


87356 


94884 


05116 


12644 


17760 


22 


39 


82255 


87rM5 


94910 


05090 


12655 


17745 


21 
20 


40 


9.82269 


9.87334 


9.94935 


10.05065 


10.12666 


10.17731 


41 


82283 


87322 


94961 


05039 


12678 


17717 


19 


42 


82297 


87311 


94986 


05014 


12689 


17703 


18 


43 


82311 


87300 


95012 


04988 


12700 


17689 


17 


44 


82326 


87288 


95037 


04963 


12712 


17674 


16 1 


45 


82340 


87277 


95062 


04938 


12723 


17660 


15 


46 


82354 


87266 


95088 


04912 


12734 


17646 


14 


I 47 


82368 


87255 


95113 


04887 


12745 


17632 


13 


148 


82382 


87243 


95139 


04861 


12767 


17618 


12 


49 
50 


82396 


87232 


95164 


04836 


12768 


17604 


11 
10 


9.82410 


9.87221 


9.95190 


10.04810 


10.12779 


10.17590 


51 


82424 


87209 


95215 


04785 


12791 


17576 


9 


52 


82439 


87198 


95240 


04760 


12802 


17561 


8 


53 


82453 


87187 


95266 


04734 


12813 


17547 


7 


54 


82467 


87175 


95291 


04709 


12825 


17533 


6 


55 


82481 


87164 


95317 


04683 


12836 


17519 


5 


56 


82495 


87153 


95342 


04658 


12847 


17505 


4 


57 


82509 


87141 


95368 


04632 


12859 


17491 


3 


58 


82523 


87130 


95393 


04607 


12870 


17477 


2 


59 


82537 


87119 


95418 


04582 


12881 


17463 


1 


60 


82551 


87107 


95444 


04556 


12893 


17449 







Co-«ine. 


Sine. 


Co-tan^. 


Tanerent. 


Co-?eraTit 


Secant. 








46 De] 


grees. 









50 


Artificial Sines, Tai^. 


BXki See. 42 D^;rees. 




M. 


Sine. 


Co-sine. 


Tangent. 


Co-tan^. 


Secant. 


Co-3ecant 







9.82551 


9.87107 


9.95444 


10.04556 


10.12893 


10.17449 


GO 


1 


82565 


87096 


95469 


04531 


12904 


17435 


59 


2 


82579 


87085 


95495 


04505 


12916 


17421 


58 


3 


82593 


87073 


95520 


04480 


12927 


17407 


57 


4 


82607 


87062 


^95545 


04455 


12938 


1 393 


56 


5 


82621 


87050 


95571 


04429 


12950 


17379 


55 


6 


82635 


87039 


95596 


04404 


12961 


17365 


54 


7 


82649 


87028 


95622 


04378 


12972 


17351 


53 


8 


82663 


87016 


95647 


04353 


12984 


17337 


52 


9 


82677 


87005 


95672 


04328 


^12995 


17323 


51 


10 


9.82691 


9.86993 


9.95698 


10.04302 


10. 13007 


10.17309 


50 


11 


82705 


86982 


95723 


04277 


13018 


17295 


49 


12 


82719 


86970 


95748 


04252 


13030 


17281 


48 


13 


82733 


86959 


95774 


04226 


13041 


17267 


47 


14 


82747 


86947 


95799 


04201 


13053 


17253 


46 


15 


82761 


86936 


95825 


04175 


13064 


17239 


45 


16 


82775 


86924 


95650 


04150 


13076 


17225 


44 


17 


82788 


86913 


95875 


04125 


13087 


17212 


43 


18 


82802 


86902 


95901 


04099 


13098 


17198 


42 


19 


82816 


86890 


95926 


1W074 


13110 


17184 


41 


20 


9.82830 


9.86879 


9.95952 


10.04048 


10.13121 


10.17170 


40 


21 


82844 


86867 


96977 


04023 


13133 


17156 


39 


22 


82858 


86855 


96002 


03998 


13145 


17142 


38 


23 


82872 


86841 


96028 


03972 


13166 


17128 


37 


24 


82886 


86832 


96053 


03947 


13168 


17115 


36 


25 


82899 


86821 


96078 


03922 


13179 


17101 


35 


26 


82913 


86809 


96104 


03896 


13191 


17087 


34 


27 


82927 


86798 


96129 


03871 


13202 


17073 


tti 


28 


82941 


86786 


96155 


03845 


13214 


17059 


32 


29 


82955 


86775 


96180 


03820 


13225 


17045 


31 
30 


30 


9.82968 


9.86763 


9.96205 


10.03796 


10.13237 


10.17032 


31 


82982 


86752 


96231 


03769 


13248 


17018 


29 


32 


82996 


86740 


96256 


08744 


13260 


17004 


28 


r« 


83010 


86728 


96281 


03719 


13272 


16990 


27 


34 


83023 


86717 


96307 


03693 


13283 


16977 


26 


35 


83037 


86705 


96332 


03668 


13295 


16963 


25 


36 


83051 


86694 


96357 


03643 


. 13306 


16949 


24 


37 


83065 


86682 


96383 


03617 


i 13318 


16935 


23 


38 


83078 


86670 


96408 


03592 


13330 


16922 


22 


39 


83092 


86659 


96433 


03567 


13341 


16908 


21 
20 


40 


..83106 


9.86647 


9.96459 


10.03541 


10.13353 


10.16894 


4T 


83120 


86635 


96484 


03516 


13365 


16880 


19 


42 


83133 


86624 


96510 


03490 


13376 


16867 


18 


43 


83147 


86612 


96535 


03465 


13388 


16853 


17 


44 


83161 


86600 


96560- 


03440 


13400 


16839 


16 


45 


83174 


86589 


96586 


03414 


13411 


16826 


15 


46 


83188 


86577 


96611 


03389 


13423 


16812 


14 


47 


83202 


86565 


96636 


03384 


13435 


16798 


13 


48 


83215 


86554 


96662 


03338 


13446 


16785 


IS 


49 


83229 


86542 


96687 


03313 


13458 


16771 


11 
10 1 


50 


;'.^3242 


9.86539 


9.96712 


10.03288 


10.13470 


10.16758 


51 


83256 


86518 


96738 


03262 


13482 


16744 


9 n 


52 


83270 


86507 


96763 


03237 


13493 


16730 


8 R 


53 


83283 


86495 


96788 


03212 


13505 


• 16717 


7 11 


54 


83297 


86483 


96814 


03186 


13517 


16703 


6 


55 


83310 


86472 


96839 


03161 


13528 


16690 


5 


66 


83324 


86460 


96864 


03136 


13540 


16676 


4 


67 


83338 


86448 


96890 


03110 


13552 


16662 


3 


68 


83351 


86436 


96915 


03085 


13564 


16649 


2 


69 


83365 


86425 


96940 


03060 


13575 


, 16635 


1 


60 


83378 


86413 


96966 


03034 


13587 


16622 



M. 


. .. 


Co-sine. 


Sine. 


Cc-tang. 


Tangent. 


Co-secant 


Secant. 



41 Degrees. 





Artificial Sines, Tang. 


and Sec. 43 Degrees^ 


151 


M. 


Sine. 


Co-fline. 


Tangent. 


Co-tang. 
10.03034 


Secants 


Co-secant 







9.83378 


9.86413 


9.96966 


10.13587 


10.16622 


60 


1 


83392 


86401 


96991 


03009 


13599 


16608 


59 


ft 


83405 


86389 


97016 


02984 


13611 


16595 


58 


3 


83419 


86377 


97042 


02958 


13623 


16581 


57 


4 


83432 


86366 


97067 


02933 


13634 


16568 


56 


5 


83446 


86354 


97092 


02908 


13646 


16554 


55 


6 


83459 


86342 


• 97118 


02882 


13658 


16541 


54 


7 


83473 


86330 


97143 


02857 


1 13670 


16527 


53 


8 


83486 


86318 


97168 


02832 


13682 


16514 


52 


9 


83500 


86306 


97193 


02807 


13694 


16500 


51 
50 


10 


9.83513 


9.86295 


9.97219 


10.02781 


10.13705 


10.16487 


U 


83527 


86283 


97244 


02756 


13717 


16473 


49 


12 


83540 


86271 


97269 


02731 


13729 


16460 


48 


13 


83554 


86259 


97295 


02705 


13741 


16446 


47 


14 


83667 


86247 


97320 


02680 


13753 


16433 


46 


15 


83581 


86235 


97345 


02655 


13765 


16419 


45 


16 


83594 


86223 


97371 


02629 


13777 


16406 


44 


17 


83608 


86211 


97396 


02604 


13789 


16392 


43 


18 


83621 


86200 


97421 


02579 


13800 


16379 


42 


19 


83634 


86188 


97447 


02553 


13812 


16366 


41 

40 


20 


9.83648 


9.86176 


9.97472 


10.02528 


10.13824 


10.16352 


21 


83661 


86164 


97497 


02503 


13836 


16339 


39 


•22 


83674 


86152 


' 97523 


02477 


13848 


16326 


38 


23 


83688 


86140 


97548 


02452 


13860 


16312 


37 


24. 


83701 


86128 


97573 


02427 


13872 


16299 


36 


25 


83715 


86116 


97598 


02402 


13884 


16285 


a5 


26 


83728 


86104 


97624 


02376 


13896 


16272 


34 


27 


83741 


86092 


97649 


02351 


13908 


16259 


33 


28 


83755 


86080 


97674 


02326 


13920 


16245 


32 


29 


83768 


86068 


97700 


02300 
10.02275 


13932 


16232 


31 
30 


:w 


9.83781 


9.86056 


9.97725 


10.13944 


10.16219 


31 


83795 


86044 


97750 


02250 


13956 


16205 


29 


32 


83808 


86032 


97776 


02224 


13968 


16192 


28 


J« 


83821 


86020 


97801 


02199 


13980 


16179 


27 


34 


' 83834 


86008 


97826 


02174 


13992 


* 16166 


ftt 


35 


. 83848 


85996 


97851 


02149 


14004 


16152 


25 


36 


83861 


85984 


97877 


02123 


14016 


16139 


24 


37 


83874 


85972 


97902 


02098 


14028 


16126 


23 


38 


83867 


85960 


97927 


02073 


14040 


16113 


22 


40 


83901 


85948 


97953 


02047 


14052 


16099 


2. 


9.83914 


9.85936 


9.97978 


10.02022 


10.14064 


10.16086 


20 


41 


83927 


85924 


. 98003 


01997 


14076 


16073 


19 


42 


83940 


85912 


98029 


01971 


14088 


16060 


18 


43 


83954 


85900 


98054 


01946 


14100 


16046 


17 


44 


83967 


85888 


98079 


01921 


14112 


16033 


16 


45 


83980 


85876 


98104 


01896 


14124 


16020 


15 


46 


83993 


85864 


98130 


01870 


14136 


16007 


14 


47 


84006 


85851 


98155 


01845 


14149 


15994 


13 


48 


84020 


85839 


98180 


01820 


14161 


15980 


12 


49 
50 


84033 


85827 


98206 


01794 


14173 


15967 


^1 


9.84046 


9.85815 


9.98231 


10.01769 


10.14185 


10.15954 


10 


51 


84059 


85803 


98256 


01744 


' 14197 


15941 


9 


52 


84072 


85791 


98281 


01719 


14209 


15928 


8 


53 


84085 


85779 


98307 


01693 


14221 


15915 


7 


54 


84098 


85766 


98332 


01668 


14234 


15902 


6 


55 


84112 


85754 


98357 


01643 


14246 


15888 


6 


56 


84125 


85742 


98383 


01617 


14258 


15875 


4 


57 


84138 


85730 


98408 


01592 


14270 


15862 


3 


58 


84151 


85718 


98433 


01567 


14282 


15849 


2 


59 


84164 


85706 


98458 


01542 


14294 


15836 


1 


60 


84177 


85693 


98484 


01616 


14307 


15823 



M. 


SBB 


Co-sine. 


Sine. 


Co- tang;. 


Tangent. 


Co-secant 


Secant. 



46 Degrees. 



152 


Artificial Sines, Tang. 


and Sec. 44 Degrees. 




M. 


Sine. 


Co-sine. 


Tangent. 
9.98484 


Co-tang. 


Secant. 


Co-secant 
10.15823 


60 


i 


9.84177 


9.85693 


10.01516 


10.14307 


I 


84190 


85681 


98509 


01491 


14319 


15810 


59 


2 


84203 


85669 


98534 


01466 


14331 


15797 


58 


3 


84216 


85657 


98560 


01440 


14343 


15784 


57 


4 


84229 


85645 


98585 


01415 


14355 


15771 


56 


5 


84242 


85632 


98610 


01390 


14368 


15750 


55 


6 


84255 


85620 


98635 


01365 < 


14380 


15745 


54 


7 


84269 


85608 


98661 


01339 


14392 


15731 


■53 


8 


84282 


85596 


98686 


01314 


14404 


15718 52 1 


9 


84295 


85583 


98711 


01289 


14417 


15705 ; 


51 


10 


9.84308 


9.85571 


9.98737 


10.01263 


10.14429 


10.15602 


50 


11 


84321 


85559 


98762 


01238 


14441 


15679 


49 


1« 


84334 


85547 


98787 


01213 


14453 


15666 


48 


13 


84347 


85534 


98812 


01186 


14466 


15653 


47 


14 


84360 


85522 


98838 


01162 


14478 


16640 


46 


15 


84373 


85510 


98863 


01137 


14490 


15627 


45 


16 


84385 


85497 


98888 


01112 


14503 


15615 


44 


17 


84398 


85485 


98913 


01087 


14515 


15602 


43 


18 


84411 


85473 


98939 


01061 


14527 


15589 


42 


19 


84424 


85460 


98964 


01036 


14540 


15576 


41 


20 


9.84437 


9.85448 


9.98989 


10.01011 


10.14552 


10.15563 40 II 


21 


84450 


85436 


99015 


00985 


14564 


15550 


39 


22 


84463 


85423 


99040 


00960 


14577 


15537 


38 


23 


84476 


85411 


99065 


00935 


14589 


15524 


37 


24 


8448a 
84502 


85399 


99090 


00910 


.14601 


15511 


36 


25 


85386 
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